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PREFACE TO THE SIXTH EDITION. 



In presenting an enlarged edition to hia readers, tho 
author indulges a hope that the additional matter will 
be found not only valuable in a practical point of view, 
bat also interesting as a record of the improvements 
which have been introduced since this work first made 
its appearance. 

Duijng the last few years, the electro-deposition of 
nickel has become an important branch of the art, and 



Yl PREFACE. 

it IS fast supplanting silver as a protective and orna- 
mental coating for other metals. The details of various 
processes for depositing this metal have heen given in 
the body of the work, whilst a considerable amount of 
additional material of an important nature has been 
added to the Appendix. 



Merton Road, Wandsworth, 
December, 1876. 
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2 ELECTRO-METALLURGY. 

invention is equally due to each of them. But, as is 
frequently the case, it devolved upon others to turn 
the invention to great practical account, and as a 
matter of course, to a remunerative one also. 

So great was the interest felt in this country — ^nay, 
almost all over the civilised world, when this beautiful 
discovery was made known, that persons of every grade 
in life devoted their attention to it. The student, the 
mechanic, the artist, the nobleman and the chemist, 
with equal zeal, though with different views, deposited 
copper from its solution by electro-chemical agency. 
Every one had his set of electrotyping apparatus, and 
his bath of sulphate of copper. Even among the fair 
sex would be found many a skilful manipulator, and 
in such hands, how could the art fail to give beautiful 
results ! Everywhere this art was in vogue, and whilst 
it was being studied as an amusement by some, others 
were turning their attention to its commercial value, 
with a view to making it subservient to the useful 
purposes of life. So that in a very short time this 
country was well stocked with a new class of com- 
petitors — electrotypists, stereotypists, electro-platers, 
gilders, &c., &c. ; and now that the electro-mania has 
subsided, it has settled itself down into a very comfort- 
able, highly lucrative and legitimate business. 

Nearly a quarter of a century having passed away 
since the introduction of the electro-metallurgical art, 
it is not to be wondered at that it has ceased to enjoy 
that popularity which at one time, as we have said^ 
placed it in the hands of all as a fashionable amuse- 
ment ; for those who twenty years ago delighted in the 
art as an interesting novelty, are now many of them 
'arents of another generation, which may, in its turn, 
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seek to know the uses of the electric curi'eut in the 
deposition of metals upon each other. To aid this class 
of rising experimentalists^ is now our pleasing task. 

To those who desire to practise the arts of electro- 
gilding, plating, &c., with a view to applying the same 
to commercial purposes, it is hoped that the present 
work will prove of service, since it is the intention of 
the author to make it entirely of a practical nature, and 
as free as possible from technical expressions. 

Having been for nearly twenty years practically 
engaged in the art of electro-plating and gilding, on a 
very extensive scale, during which period many thou- 
sands of ounces of the precious metals have been 
deposited by me from their various solutions, and 
having paid great attention to the subject of electro- 
deposition generally, I have, in common with others, 
met with many dii&culties which careful experiment 
and perseverance have overcome. Therefore, in laying 
before my readers the results of my own practical 
experience, it is with the hope that they may prove 
useful to those who pursue the study of electro-deposit 
tion, either for instructive amusement or profit. 

As I have, I believe, been more successful in some 
of my operations than many of my fellow-labourers, 
I will carefully describe those processes which I have 
found to answer best, from their certainty, economy and 
simplicity, and pass in review the processes usually 
employed by others, explaining the causes of failure 
and disappointment so frequently accompanying their 
adoption. 

To render myself as intelligible to the working 
electro-plater and the amateur, as to the more scien- 
tific reader, I will fully explain the meaning of any 

B 



4 ELECTRO-METALLURGY. 

technical terms which may necessarily occur in the 
way, 80 that he may not fall into errors which too 
frequently — more especially in a chemical art — retard 
the progress of study. 

In depositing metals from their sohitions, many 
forms of galvanic battery are employed. Among those 
most commonly known are Daniell's, Smee's, Wollas- 
ton*s and Bunsen's. The first of these, Danieirs bat- 
tery, has been almost abandoned, owing to the trouble 
which it involves to keep it in good working order. The 
second, Smee's battery, although far from economical, 
and somewhat uncertain in its action, is still employed 
by some, owing to the great intensity of the current 
which it produces (a quality of but little service to the 
electro-plater when the quantity is deficient, as we will 
presently explain). The third, WoUaston's battery, by 
far superior to the latter for electro-metallurgical 
purposes, as it yields a great qtuintity of electricity of 
considerable tension, is also frequently employed, or 
rather modifications of the same arrangement, which 
are fitted up with but little trouble and expense ; whilst 
Bunsen's battery is only capable of being employed 
in depositing those metals which require a current of 
great intensity, as well as quantity. This battery, | 

however, is quite unfit for the purpose of depositing 
either gold, silver, or copper. 

It must be borne in mind, that in order to ensure 
a perfectly smooth, equal and reguline deposit on a 
metallic surface, the battery to be employed should yield 
a considerable quantity of electricity of sufficient intensity 
to work with activity and uniformity, A battery con- 
-^^ucted with a large surface of positive and negative 

^nts — as zinc and copper for instance— will yield 4 
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a current of such feeble intensity in proportion to that 
quantity, that, when employed for the purposes of 
electro-deposition, the deposit takes place very slowly ; 
whilst a battery consisting of a great number of small 
plates or cells, alternately arranged, would not only 
deposit the metal in a granular or pulverulent form, 
but would actually decompose the solution itself. Con- 
sequently, in order to obtain a good reguline deposit 
of any metal, a battery should be employed whose 
positive and negative elements are in such relative 
proportion as to yield a current of quantity electricity 
possessing sufiSicient intensity to enable that quantity 
to work well. 

A form of battery which I have found most constant 
and certain in its action, I will describe further on, as 
also one which is much used in extensive operations 
where great power is required to deposit large quan- 
tities of metal, as in the processes of electrotyping and 
electro-plating. 

Faraday employs the terms anode, anelectrode, or 
positive electrode, for the positive pole of the battery — 
i.e., the wire which proceeds from the copper element in a 
battery ; and cathode, cathelectrode, or negative electrode, 
for the negative pole — that which proceeds from the 
zinc element. Professor Daniell, however, objecting to 
the terms anode and cathode^ proposed the adoption of 
sAncode and platinode, to distinguish the positive and 
negative poles ; but as the elements of a battery are 
not necessarily composed of zinc or platinum, and as, 
independently of the great weight which must always 
attach to any system propounded by Mr. Faraday, it 
would sound rather unmusical to speak of leadodes^ 
arbono des, or copperodes, when describing the poles oi 
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a battery with an element of lead, carbon, or copper, 
I prefer adopting Faraday^s nomenclature. 

The electricity generated in a cell passes from the 
zinc to the copper element of the battery, and from 
thence it proceeds along the wire issuing from the 
copper, traverses the solution, and returns to the cell 
through the wire which is attached to the zinc element, 
and so on. The zinc is the positive and the copper the 
negative element, but the end of the wire attached to 
zinc becomes the negative pole, whilst that proceeding 
from the copper becomes the positive pole. 

The anode, or positive pole, is that wire which is 
attached to the copper cylinder or plate of a battery ; 
and to this wire or pole is suspended, in close contact, 
the sheet or plate of metal which is destined to re- 
supply the solution with the amount of metal which it 
loses by the deposition which takes place on the 
cathode or article to be coated. 

The cathode, or negative pole, is the wire which 
issues from the zinc plate or bar of a battery, and it is 
this wire or pole, or any metallic surface which may be 
attached to it, which receives the deposit in the bath. 

Professor Faraday denominates the solution, whether 
it be of silver, gold, copper, or any other metal from 
which a deposit is to be obtained, the electrolyte. 

Quantity electricity, as I have already observed, is 
that kind of current which is produced when the 
battery is formed of large surfaces of the metallic 
element ; it is this species of electricity which is most 
useful for the purposes of electro-deposition. 

'' Experience proves that, in general, the adherence 
of the oxides and of the metals gold, silver, copper, 

A lead on metals, is greater as the intensity of the 
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current is less, within certain well-known limits ; and 
as the solution is less concentrated/^ * 

Intensity may be given to the quantity already 
existing in a series of cells or plates^ by increasing 
their number ; thus, by attaching the wire proceeding 
from the positive pole of one cell to the negative pole 
of another, and so on, until a compound battery is 
formed of alternate pairs. A battery thus constructed 
18 well adapted to the purposes of electro-chemical 
decomposition, or electrolisation, the electric lights the 
giving of shocks, and other powerful effects of elec- 
tricity; but, unless carefully applied, it would be 
highly injurious if devoted to electro-metallurgical 
operations. 

An intensity current seldom lasts longer than a few 
hours, unless fresh exciting fluids be applied to the 
elements with which it is produced; but a quantity 
-current may continue to be developed from a constant 
battery for months. I have known a constant battery 
continue in action for twelve months without any addi" 
tion whatever, at the end of which period it still gave 
considerable evidences of electrical action. 

The Battery.— The battery 
which I would recommend to 
the attention of the electro- 
gilder, and those who desire to 
deposit metals by electricity on 
a moderate scale^ consists of a 
cylindrical stone jar a (fig. 1), 
capable of holding about four 
gallons ; inside this jar is fitted Fig. i. 

a cylinder of sheet copper c (this may be ,,'., th of an inch 

♦ Beoquerel, "The Cbemiiit^" 1843, vol. It. p. 400. 
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ill thickness). A strip of the copper cylinder b^ about 
half an inch broad^ is cut off to within one inch^ so as 
to form the positive electrode; my motive in doing 
this is to insure a perfect connection between the 
positive pole and the cylinder^ and* to save the trouble 
of soldering. 

A circular piece of wood forms a covering to the 
jar; in the centre of this cover, a hole about two 
inches in diameter is bored, to which an ox-gullet n, or 
weazand, is fastened, extending to the bottom of the 
jar, the lower end of which is carefully tied with a 

piece of thick twine; 

/" ^'^w/lQiUff^rarir^ j or a porous cell may 

be used instead it 



/ 



preferred. A zinc 
Fig- 2. bar E (fig. 2) is cast, 

with a long and tolerably thick copper wire in it, one 
end of which has been previously coiled into a helix, so 
as to form a spring, to prevent the breaking off of the 
wire at its junction with the zinc bar. The ox-gullet, or 
cell, is now nearly filled with a concentrated, solution 
of common salt, to which a few drops of hydrochloric 
acid have been added, and the zinc bar immersed in it, 
but not allowed to touch the bottom of the gullet, or 
cell, which it may be prevented from doing by attaching 
a piece of wood across the zinc bar, to suspend it from 
the cover of the battery. The jar is nearly filled with 
water acidulated with two pounds of sulphuric acid and 
one ounce of nitric acid, and the battery is ready for 
use. p and n (fig.l) signify positive and negative poles. 
In the above form of battery several advantages 
present themselves ; its action is constant, there is but 
"^tle local action, and consequently but little waste; 
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its current is regular^ and it is very economical in its 
construction and inexpensive in use. 

A compound battery thus constructed will give most 
powerful effects when a number of cells are used^ and 
it will continue to give these effects for a greater 
length of time than any battery with which I am 
acquainted. 

In a single cell of this battery^ a considerable quantity 
of electricity is disengaged, of sufficient intensity for 
small operations, such as gilding and so forth. When it 
is desired to deposit a large quantity of metal in a given 
time, several of these cells alternated, that is, having 
the zinc wire of one cell united to the copper cylinder 
of the next, and so on, may be employed, by which 
arrangement a vast amount of metal may be deposited 
in a short time, when the solution is in good working 
condition. But it is preferable to unite all the copper 
wires and the zinc wires, by which arrangement the 
intensity is not increased. 

In working with a Smee's battery in the large way, 
the rapid consumption of the zinc plates, the furious 
local action and offensive evolution of hydrogen gas 
which it is susceptible of, and the trouble and expense 
of amalgamating the plates, are among the many dis- 
advantages which this battery exhibits to the practical 
electro-metallurgist; added to which, the current which 
proceeds from it is far too intense and fluctuating to 
enable us to obtain a smooth and reguline deposit. 
But for many experimental purposes this is one of thb 
most convenient and ingenious batteries known, and 
Mr. Smee deserves the highest credit for its intro- 
duction, as its great popularity will testify. 

WoUaston's battery, were it not for the trouble and 

B 3 



10 KLECTBO-METALLUBQT. 

difficulty of replamDg the zinc plates when they are 
coDiumed, and the constant application of exciting 
tnaterial which it requires, would be admirably suited 

tto electro-metallurgical opera- 
tiooB. A useful modificatioD of 
° WollastOD's battery, however, is 
now much in use. It consists of a 
" cylindrical stone jar, a, capable of 
holding about ten gallonn; two 
A pieces of sheet copper are fixed 

^7 -^ upon a wooden support, d. A 

plate of amalgamated zinc, e, is placed in a groove cut in 
the wooden bar or support between the copper plates. 
A binding screw is soldered to the copper plates, b i, 
which are united by strips of copper, soldered to them, 
nnd a binding screw is to be fastened to the zinc plate. 
The jar is to be filled with sulphuric acid one part, water 
fifteen parts. The zinc must be well amalgamated. 

Some electro-platers have employed mfigneto-elec- 
tridty for the deposition of metals, but not, I think, 
with much success ; owing, no doubt, to the fact that 
a current of mngneto-electricity would be liable to 
interruption, or a want of continuity. The action of 
revolving armatures must necessarily be interrupted, 
owing to the making and breaking of contact. I main- 
tain that, in order to obtain a fair deposit, the current 
of electricity applied mtut be continitotu. 

My brother, Mr. Charles Watt, patented a thermo- 
electrical battery which, if employed on a large scale, 
would probably eclipse all other batteries for electro- 
metallurgicBl purposes, as it possesses all the advantages 
(if constancy, uniformity, and economy ; being, in fact, 
almost costless in its action. 
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There are other circumstances besides the power of 
the battery which aflfect the nature of the deposit, or 
the speed with which it is obtained. The solution, or 
electrolyte, may be what is termed a ffood or a bad con- 
ductor, according to the amount of metal or the pro- 
portion of the solvent existing in it; or the extent of 
surface of anode or positive electrode immersed in the 
solution while deposition is taking place. If the solu- 
tion be poor in metal, &c., and the surface of anode 
exposed to the article which is to receive the deposit 
be smaller than is required, the operation will go on 
slowly; whilst, on the other hand, a superabundance 
of metal and the solvent being in the solution, and the 
surface of anode exposed being considerable, the de- 
posit may take place so rapidly that it will be thrown 
off the cathode, or article coated, in the form of a 
powder, or myriads of minute granules. 

Again, the speed with which the deposit is obtained 
depends upon the temperature of the solution. When 
the solution is raised to the temperature of 60® C. 
(140° F.), deposition takes place very rapidly ; indeed, 
in order to bring the solution to a strength which will 
enable you to use it hot without fear of granular depo- 
sition and other imperfections, nearly 76 per cent, of 
water must be added to it, and the surface of anode 
immersed be diminished. 

In excessively cold weather, I have frequently found 
a silver solution covered with ice of considerable thick* 
ness, and consequently the deposition has taken place 
more slowly than was desired. In this state the deposit 
was much harder, and less inclined to be '* rough," 
than when the solution was of a higher temperature. 
I would at all times prefer working the silver solution 
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at as low a temperature as possible, as I think the 
deposit^ under such circumstances^ is in many respects 
of a superior quality. 

Motion will also materially affect electro-deposition. 
If the solution be too strong; the surface of the 
anode eis:posed be excessive; the solution be of too 
high a temperature ; the battery too powerful, or 
if any one of these circumstances give rise to a pul- 
verulent or granular deposit, or cause the metal to 
" strip," or peel off the article on which it is deposited, 
by keeping the negative electrode and the article 
attached to it in constant and rapid motion until the 
required coating is obtained, a perfectly smooth, uniform, 
and tenacious deposit will be secured, though the cir- 
cumstances referred to be ever so unfavourable. For 
example, if you attach an article to the negative electrode, 
and place it in the gilding bath, and if, after a few 
seconds, you observe that the gold is deposited of a dull 
brown colour, by very briskly agitating the article in the 
solution it will instantly become bright and of a good 
fine-gold colour. 

There are circumstances under which no deposition 
whatever will take place. The following occurrence 
will illustrate a curious phenomenon which occurred to 
my brother and myself some years ago. We had been 
plating large quantities of spoons and forks in an apart- 
ment for several years, during which time our operations 
had been most highly successful, and we had been 
much praised for the quality of our deposit. One day 
my brother found, to his great annoyance, that no 
deposit whatever would take place on any article im- 
mersed in the solution. Something was wrong. Entirelv 
new batteries were applied, but with no better success ; 
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fresh solutions were made, but still no deposition oi 
silver took place. The batteries and solutions were 
next insulated from contact with the ground, as we 
thought it probable the current was being conducted 
away somehow or other, and yet no favourable change 
occurred. Thus matters went on for nearly a fortnight ; 
all hands were idle ; the workpeople enjoyed a kind of 
extended Easter holiday, or were hoping something 
favourable would " turn up *^ from day to day. At 
last, having tried every expedient that suggested itself 
to our almost distracted senses, it occiirred to me that 
if the solutions and batteries were removed to another 
apartment we might meet with better success. The 
experiment was tried and it succeeded. Once more 
we could observe the beautiful deposit of silver upon 
the metallic surfaces, and all went on well. 

Whatever may have been the cause of this inaction, 
some time afterwards the operations were carried on in 
the same apartment with perfect facility. 

In practising the art of electro-deposition, it is neces- 
sary to observe the strictest cleanliness, and to be 
careful not to allow the solutions in any way to be 
mixed with each other. 

It will be necessary to have various kinds of solutions, 
of certain strengths, in order to deposit one metal upon 
another with tenacity and firmness. The same solution 
will not do well for all metals. It is the neglect of 
this fact which causes many failures, and many solu 
tions to be spoilt. A solution which will allow a 
good deposit of silver to take place on copper or 
brass, will not be applicable to steel, as the silver 
would instantly blister or peel off the latter. Again, 
a solution which would deposit a faultless coating of 
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copper on iron would deposit a very bad coating on 
zinc. 

To those who are unacquainted with science, I may 
observe that they need not be deterred from the study 
of these arts by any apparent abstruseness which may 
at first sight, surround it. In the present portion of 
this work I have been under the necessity of entering 
chiefly into scientific considerations • but will now 
commence the details of the various processes of electro- 
deposition, which I will endeavour to render as simple 
as possible, in order that they may be fully understood, 
even by those who now enter upon the study of this 
subject for the first time. 

Electro-deposition of Copper. — Many valuable 

improvements and additions have been made by the 
various manipulators in the beautiful art of electro- 
typing ; one of the first of which was Mr. Murray^ 
application of plumbago (carburet of iron), as a coat- 
ing for surfaces which were non-conductors of elec- 
tricity. 

Electrotypes were originally produced in a cell which 
formed at the same time the battery and the decompo- 
sition bath, thus : — A jar a was charged 
with a concentrated solution of sulphate 
of copper ("blue stone '^ or "blu« 
vitriol"). A porous cell b, a bladder, 
or a glass tube having one end covered 
with a piece of bladder, was placed in 
this solution, and a piece of zinc with a 
copper wire c attached was placed in this cell, which was 
then filled with dilute sulphuric acid or salt and water 
the object to be copied, being previously prepared, was 
suspended to the end of this wire n and immersed in the 
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copper solution. This was termed the ^' single cell '* 
arrangement; it is even now occasionally used by 
electro-metallurgists in some of their operations. 

Subsequently^ experimentalists applied a separate 
battery for the purpose of depositing copper from its 
solution^ and it was found that operations on a large 
scale could thus be carried on with considerable speed 
and other advantages. Mr. Mason has the credit of 
being the first who applied a separate battery to the 
production of electrotypes. 

When a separate battery is used^ it is necessary to 
attach the mould to be copied to the negative electrode, 
— the wire proceeding from the zinc of the battery, and 
a piece of sheet copper is attached to the positive elec- 
trode — the wire issuing from the copper of the battery. * 
In this arrangement the object to receive the deposit 
constitutes the cathode^ and the copper plate the anode. 

Copper Solutions. — ^The solution for electrotyping 
by means of the '^ single cell " arrangement should be 
composed of a nearly saturated solution of sulphate of 
copper, with two ounces of concentrated sulphuric acid 
added to the gallon of saturated solution ; one drachm 
of arsenious acid (white oxide of arsenic) may be also 
added to improve the character of the deposit, but this 
is not indispensable. A little chloride of tin may be 
substituted for the arsenic. 

The sulphate of copper may be dissolved in boiling 
distilled or rain water, or even common water, and 
allowed to cool, the sulphuric acid being added when 
the solution is quite cold. 

Sulphate of copper is frequently adulterated with 
sulphate of iron (" copperas '^ or "green vitrioP'), 
therefore it is necessary to obtain the article at a 
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respectable establishment ; in fact it is advisable always 
to procure substances required for experiment, oy even 
for more extensive operations, where their purity can 
be depended upon. If every one adopted this principle, 
those who vend impure materials would soon be com- 
pelled to follow the example of their more honest com- 
petitors, and to sell pure articles, however little in 
accordance with their wishes. 

The solution required for depositing copper with a 
separate battery is composed of — 

Sulphate of copper 1 pound. 

Sulphuric acid . . . . . . . 1 ,, 

Water (about) 1 gallon. 

to which may be added a small quantity of arsenious 
acid or chloride of tin. 



PREPARATION OP MOULDS. 

The material of which a mould is composed will 
depend upon the nature of the model; the same com- 
position will not do well for all purposes. 

Moulds from Plaster of Paris Models— may be 

obtained by any of the following methods : — If the 
object to be copied be a plaster medallion, for instance, 
let it be placed in a plate or large saucer, with its face 
upwards, and pour boiling water all round it until it 
nearly reaches the upper edge of the cast ; allow it to 
remain in the water until the face of the object assumes 
a moist, but not wet, appearance ; then remove it from 
the plate and surround it with a rim of card or thick 
drawing-paper, allowing sufficient depth in the rim to 
hold a requisite quantity of the moulding materiaL 
This rim of card may be conveniently kept in its posi- 
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tioQ hj sealing-wax. A rim of sheet tin or brass will 
be found also to answer the purpose very well, but it 
must be secured to the medallion bv means of fine 
binding wire or a split ring. The medallion must not 
stand for longer than two or three minutes after it is 
taken out of the water, before the composition is poured 
on. It is better to put the rim of card round the cast 
before immersing it in hot water. The following com- 
position, being melted and at the point of cooling, is 
then poured into the mould. 

White wax 6 ounces. 

Spermaceti 1 ,, 

Stearine 8 ,, 

Carbonate of lead In 

16 

These compounds should be well melted together, 
the carbonate of lead being added last, and thoroughly 
stirred ; care must be taken that the heat applied be 
not sufficient to form air-bubbles. As soon as the com- 
position is poured on the medallion, it is advantageous 
to quickly stir it with a camel-hair pencil to dissipate 
any air-bubbles which may have resulted from pouring 
in the composition too suddenly. Also, the mould thus 
formed should remain for several hours to become quite 
cold ; the more gradually it cools the better. The rim 
may now be removed and the mould separated from the 
medallion. Should there be a tendency for the two 
surfaces to adhere, the plaster cast may be again placed 
>n boiling water for an instant, when it will come away 
readily. Sometimes, however, the composition will 
adhere to the plaster in spite of all precautions, in 
which case it is advisable to force it asunder, taking 
care not to injure the composition mould. If some of 



18 ELBCTRO-METALLtJRGY. 

the plaster is found to adhere to the mouldy place the 
latter in luke-warm water for a short time ; this will 
somewhat soften the adherent plaster, and will enable 
portions of it to be picked off the surface of the mould, 
and with a very soft brush much more will come away. 
Should any plaster still obstinately remain adherent, 
dry the mould and apply with a thin piece of wood a 
little sulphuric acid to the fragments of plaster remain- 
ing, and leave the mould exposed to the air for some 
time, when the acid will have attracted a certain quan- 
tity of moisture from the air, and their united action 
will cause the gradual dislodgment of the plaster, which 
may be brushed away with a soft brush and water. 

Outta percha is another excellent substance for 
making moulds from plaster of Paris models. The 
gutta percha must be boiled in water for some length 
of time until it is qaite soft. The object to be copied^ 
if a plaster medallion, should have its surface slightly 
oiled, and then be provided with a rim as before 
described, and the softened gutta percha, being wiped 
dry and rolled into the form of a ball, placed in the 
centre of the model and worked with the hand until 
every part of the medallion is covered with it, when 
a smooth piece of wood (previously greased) may be 
placed over it and pressure applied until the mould is 
thoroughly set. In about an hour or so it may be 
removed from the model. It is necessary to bind the 
rim round the plaster cast very tightly, in order to 
render the object less liable to fracture and to keep the 
parts well together if an accident does happen ; or the 
plaster cast may be imbedded in a little melted wax, 
poured on a plate, previous to the gutta percha being 
applied ; bv this means the plaster will be quite secured 
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from fracture. Pressure may be conveniently applied 
by placing the mould, &c., between two pieces of per- 
fectly flat wood and then screwing them in a vice, 
taking care that they be properly adjusted so that the 
pressure may be uniform, or a weight may be placed on 
the mould, and allowed to remain for half an hour or so. 

Moulds in fusible metal may also be obtained from 
plaster casts. The plaster model should first be well 
soaked in boiled linseed oil, to which a little " patent 
dryers'^ has been added, and allowed to remain for several 
days before taking the mould, when it will have become 
exceedingly hard. The mould may then be taken 
from tha plaster cast in the same way as from medals, 
described further on. 

Elastic moulds, as they are termed, may be made 
from casts in plaster. The composition for this pur- 
pose is — 

Olue . . 12 OT1I1C08. 

Treacle 3 „ 

Soak the glue in sufficient water to render it quite soft. 
As soon as the glue is quite liquid, add the treacle and 
mix them well together. The plastic cast must be 
thoroughly saturated with boiled linseed oil, containing 
a little '* patent dryers,^' and be laid aside for a day or 
two, if convenient, to harden before the elastic mould 
is made from it. This material for moulds is generally 
applied to objects which are either much " undercut,^* 
or are in considerable relief, and from which, conse- 
quently, it may be impossible to obtain a perfect copy 
without this composition is resorted to. The elastic 
moulds are thus made. If we desire to copy a figure 
of plaster, after it has been subjected to the linseed oil, 
&c., let the hollow in the figure be filled up with sandj 
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and the orifice at its base be well closed with a piece of 
card or oilskin pasted over it. The figure is now 
placed perpendicularly in a jar of cylindrical form^ 
and rather deeper than the height of the bust ; the jar 
should be previously well greased. The plaster cast 
must have an abundance of oil brushed or poured over 
it before it is placed in the jar^ and the composition is 
poured in until it covers the bust and is an inch or two 
above it. 

After allowing the mould thus formed to remain for 
a day or so to become thoroughly set, the jar may be 
turned upside down^ and the mould will readily slip 
out. A very sharp^ bright^ and thin-bladed knife^ is 
now passed from the top to the bottom of the figure at 
its back^ very cautiously, and the mould may be opened 
and the plaster model withdrawn. As soon as the 
model is removed, the mould, being elastic, will close 
itself. A strip of oiled paper or rag is now carefully 
wrapped round the mould, in order that it may retain 
its proper position : it is a good plan, also, to place three 
or four pieces of wood of equal thicknesses, at equal 
distances round the mould, secured by a piece of twine ; 
this will protect the mould from injury. The mould 
being inverted, is now filled with a mixture of about 
equal parts of bees^-wax and resin, and a small quantity 
of plumbago and tallow. The mixture should not be 
poured in until it is beginning to cool. The whole 
should be allowed to rest for ft few hours until quite 
cold, when the wooden props and bandages may be 
removed, the mould reopened, and the composition 
figure gently withdrawn. The mould will do for future 
occasions. 

When the mould is made of the wax composition, it 
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should be treated in the following manner. Bend a 
piece of stont copper wire in snch a way that it may, 
when slightly heated, be conveniently placed round a 
portion of the edge of the medallion, to which it will 
adhere firmly when cold. Then apply, with a soft 
camel-hair, badger-hair, or other very soft brush, finely 
powdered plumbago (common blacklead will do) until 
the whole surface of the mould has acquired a metallic 
lustre. The brush with which the plumbago is applied 
should be worked in circles, so that every little crevice 
in the mould may be thoroughly coated; it may be 
advisable also to plumbago the finger and rub the flat 
surfaces of the mould with it, in order that they may be 
uniformly blackleaded. 

It is sometimes advantageous to breathe upon the 
surface of the mould when applying the plumbago ; 
care must be taken that the end of the conducting 
wire attached to the mould, and that part of the com- 
position near it, receive a good coating of the plumbago 
to insure a perfect connection between the wire and 
the plumbagoed surface. The edge of the • mould 
should be scraped round with a knife, in order to 
remove any superfluous plumbago which may have 
been communicated by the fingers, or otherwise this 
part of the mould will receive the deposit, and render 
it difficult to separate the electrotype from the mould. 
But care must be taken not to remove the plumbago 
from the wire and adjacent composition. 

The mould is now ready to be placed in the solution 
bath I if it is desired to obtain a good thick deposit, it 
may be left in the bath for two or three days or even 
longer. When the mould has received the required 
coating, remove it from the bath, detach it from tne 
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zinc elemeat^ and then gradually loosen the electrotype 
with the point of a penknife. Should there be ^uy 
copper deposited on the outer edge of the mouldy thereby 
rendering it difficult to separate the one from the 
other^ this may be broken away and the obstacle thus 
removed. It is advisable^ before taking the electrotype 
from the mouldy to cut off the conducting wire as close 
to the copy as possible, in order to render the detach- 
ment more manageable. 

As soon as the electrotype is free, it may be heated 
to cherry redness in a clear fire, or, which is better, by 
a blast from a blow-pipe, and when thus annealed it 
will be exceedingly tough, and less liable to be broken. 
. When cool, the electrotype may be plunged into cold 
water acidulated with sulphuric acid, and allowed to 
remain in it for some minutes, when it may be rinsed 
and dried, the edges clipped with a pair of jewellers^ 
shears, and filed to the proper form. 

The electrotype may now be polished with rotten 
stone and oil, and applied with a rather stiff brush. 
It may then be washed with boiling water and soap, 
dried, and, lastly, polished with moistened rouge and a 
soft brush, the plain surfaces being polished with the 
second finger and rouge. 

Previously to polishing the electrotype, the hollow 
surface at the back may be filled up with pewter solder 
and lead, thus : — Dissolve a piece of zinc in hydrochloric 
acid (muriatic acid) and apply a little of the solution 
all over the back of the electrotype; cut up some 
pewter solder into small pieces and place them on the 
back, put the copy on a piece of charcoal, and apply the 
blow-pipe flame until the solder has " run ^' into every 
crevice. Some pieces of lead may now be treated in a 
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similar way to give additional substauce to the electro- 
type, and it is cheaper than solder. The copy may now 
be Bronzed, plated, or gilt, and mounted on a piece of 
black velvet, or otherwise disposed of, according to the 
taste of the electrotypist. 

Moulds from Metallic Substances may be obtained 

by any of the following processes : — Suppose it be a 
medal which we desire to copy, let a stout piece of cop- 
per wire be soldered to the edge or back of the medal, 
or let a thinner piece of wire be twisted tightly round 
its edge. Then place the medal, face upwards, in a 
plate containing a little melted wax, suffering the wax 
to reach about half way up the edge of the medal, then 
remove it for a moment, and replace in the wax once more 
to give an additional coating. Or soften a piece of 
gutta percha, roll it into a ball, and, having cut a hole 
of the size of the medal in several pieces of card, or one 
thick piece of cardboard, place the medal, face down- 
wards, between these holes and press the gutta percha 
on the back of the medal, and put a weight upon it. 
It maybe advisable to coat the back of the medal with a 
solution of gutta percha, in order to give the lump 
applied a greater inclination to adhere, or the medal may 
be somewhat heated before the gutta percha is applied. 
The face of the medal is now to be slightly greased 
either with olive oil, trotter oil, or melted goose fat. 
This is best done with a camel-hair pencil or a piece of 
cotton wool. The superfluous oil is then to be removed 
from the medal by means of a piece of clean cotton wool 
or a silk handkerchief. Solutions of wax in alcohol or 
turpentine have been substituted for oil or grease. 
The surface of the medal may also be plumbagoed 
with advantage, in which case the oil may be dispensed 
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with. The medal is now to be put into the solution 
bath, and allowed to remain until sufficiently well 
coated^ when it may be removed, washed, and the 
mould carefully separated from it. 

The mould may now, in its turn, be oiled or plum- 
bagoed, and placed in the bath, and ^ deposit being 
allowed to take place upon it, the operator will have 
obtained an exact representative of the original. This 
may now be treated in the same way as the electrotype 
from a wax mould. 

The next process for obtaining moulds from metals, 
consists in first oiling or plumbagoing the surface of 
the medal, then placing a rim of card round its edge, 
secured by sealing-wax. Some very fine plaster of 
Paris is now mixed to the consistence of thick cream, 
and this is carefully poured over the face of the medal 
with a table-spoon; a camel-hair pencil is now used 
to stir the plaster on the medal, in order to dissipate any 
air bubbles which may have been formed when pouring 
on the plaster. The brush is quickly plunged into 
water, and the plaster allowed to remain for an hour or 
so to harden. When the mould is separated from the 
medal, it should be placed aside to dry as much as pos* 
sible, and it must be well charged with melted wax 
before being plumbagoed. A wire may be firmly 
twisted round it, and the connection between the wire and 
the mould be secured by brushing the plumbago at that 
part only where the wire is twisted ; otherwise, should the 
whole of the coil of wire be plumbagoed, there may be 
considerable difficulty in detaching the copy when the 
deposit is obtained. As before, all superfluous plum- 
bago should be scraped off the edge of the mould 
before immersing in the bath. 
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Outta percha moidds may also be obtained from 
metallic substances in the same way as from plaster 
models. 

Sealing-wax has also been employed to obtain moulds 
from metallic surfaces, but it is not so suitable as either 
g^tta percha or the following :- 

After a medal has been oiled or plumbagoed as 
before, and a rim of card bound round its edge^ a 
mould may be made of the wax and stearine compo- 
sition^ which is melted gradually, and when it begins 
to solidify, it is carefully poured on the surface of the 
medal, this being held at a slight angle at the time in 
order to prevent the formation of air bubbles. If the 
composition is too hot, or if the mould be too quickly 
removed from the medal, it will surely adhere. The 
mould should not be removed for several hours. If, 
however, with all priecaution, the mould has an inclina- 
tion to adhere to the medal, place them for an instant 
in hot water to expand the medal, when it wiU separate 
easily. 

Moidds in fimble metal, prepared by various pro- 
cesses, are also obtained from medals, &c. The lusible 
illoy paay be formed from any of the following 
formulae : — 

Melt together in a crucible or clean ladle 

Bismuth 8 ouneet. 

Lead 5 „ 

Tin 4 ,. 

Antimony 1 „ 
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While these substances are being fused, nearly fill 
a cylindrical jar of considerable depth, with cold water. 
Cut some hay or straw into pieces of about three 
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inches iu lengthy and place them in the water. Let 
some person keep this well stirred until the metal ia 
ready to pour. The stirrer is then withdrawn quickly 
and the melted alloy poured in. This will finely 
granulate the alloy. The water being now poured oflf 
the granulated metal, it may be dried and remelted. 
By this means the alloy becomes thoroughly well 
mixed. 

Or either of the following mixtures may be treated 
in the same way. 

I. 

Biknath ....... 8 oanoes. 

Lead 4 „ 

Tin .^„ . 

II. 

Bismutli .9 ounces. 

Tin 8 „ 

Lead 6 ,, 

in. 

Bismnth .•••••. 8 onnoes. 

Tin 8 „ 

Lead 5 ,, 

16 „ 

When a medal is to be copied by the fusible alloy, 
it should be placed on a smooth piece of wood, and 
the edge of the medal traced round with a pencil 
upon the wood ; a hole is now to be cut in the wood^ 
as deep as half the thickness of the edge of the medal, 
and when this is done the medal is to be placed 
in this cavity, and made fast to it by means of moist 
blotting-paper or otherwise. {See engraving,) Or the 
back of the medal may be imbedded in a thick paste of 
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plaster of Paris^ up to half the thickness of its edge^ 
and the plaster worked up so as to form a kind of 
handle for the medal^ which should 
not be greased for this purpose. 
When the medal is secured by either 
of the above means^ a wooden block 
is to be obtained^ a part of which 
is to be greased a little^ and a quantity of the fused 
alloy poured quickly on it^ and this is to be worked 
jip with a thin piece of wood^ or card^ into a mass 
of pasty consistence. If a pellicle appears on the 
surface it must be quickly removed with the card^ and 
the medal be brought suddenly upon the cooling alloy, 
where it must be held steadily for a few moments until 
the alloy has quite set. 

It is absolutely necessary to act with promptness and 
expertness, in order to obtain good moulds by means 
of the fusible alloy. 

Moulds from Animal Substances. — Let us pre- 
sume that the object to be copied is a fish. A quantity 
of plaster of Paris is mixed into a thickish paste, and 
poured quickly on a piece of plate-glass or sheet tin, 
slightly greased, to prevent the adhesion of the plaster ; 
or a sheet of paper, 
greased on one side, 
placed on a level sur- 
face of wood, will an- 
swer this purpose very 
well. The fish may 
then be laid on its side 
upon the plaster, and 
a little gentle pressure 

applied until one-half of the fish is imbedded. {See 

2 
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woodcut.) It is advantageous^ sometimes, to brush oil 
over the fish, previous to placing it in the preparation 
of plaster. As soon as the adjustment of the fish is 
complete, it may be allowed to remain until the plaster 
is thoroughly set, but not hard ; the fish may then be 
carefully removed from the moidd thus formed, and 
any " ragged edges'^ which may appear on the mould, 
may be smoothed with a penknife. Three holes, of 
a conical form, and at least half an inch deep, should 
now be bored in the face of the mould, thus, — one near 
the middle of the fishes back, another below the head, 
and a third beneath the tail. 

The mould must then be brushed over with soap and 
water, a very soft brush being applied, and the fish 
is then carefully replaced in its former position. Then, 
having made a further quantity of plaster into a thin 
paste, pour it quickly on the fish and mould, taking 
care that the three holes be filled with the plaster. 
Should any air-bubbles occur during the pouring on of 
the plaster, they must be instantly dissipated with a 
soft brush or thin piece of wood. Having applied 
sufiicient plaster to make a strong mould, let the whole 
rest until the moulds are quite hard, when they may be 
separated and the fish withdrawn. The upper mould 
will have three projections, corresponding to the holes 
in the lower mould, which will enable the operator to 
put the moulds together with facility and accuracy. 

These moulds may now be placed in an oven until 
they are quite dry, and should then be put into a 
shallow vessel, containing melted wax, and allowed to 
remain therein until they are quite saturated ; as soon 
as the moulds are cool they are ready to receive the 
plumbago, or )ther conducting medium. 
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Several holes should then be driUed in the edge of 
each mould, and a stout copper \7ire^ bent at one end^ 
be inserted in each hole^ the terminations of these wires 
being well bound together, so as to prevent the mould 
from shifting from the wires. Several pieces of fine wire 
(jewellers' binding wire will answer this purpose very 
well) may be twisted round the conducting wire, and 
their ends be allowed to touch the surface of the mould 
in several places, in order to aid the deposit, which^ 
when large surfaces are exposed, is apt to take place 
principally or entirely at the points of the conducting 
wires. Care must be taken that the portions of the 
mould to which the wires are attached be well coated 
with plumbago, and the edges of the mould should be 
scraped, in order to free them from any plumbago 
which may have been communicated to them j other* 
wise, when the deposit is obtained, it may be found 
difficult to separate the mould &om the electrotype. 

When the two halves of the fish are thus obtained 
in electrotype, the extraneous copper shoidd be removed 
as before directed, and being filed until they will lay 
close together, the inner edges may be tinned with 
chloride of zinc and pewter solder, and being brought 
together, a blowpipe flame will soon complete the 
union. A perfect representation of the fish is here 
obtained, which may be either bronzed, plated, or gilt, 
by any of the processes hereafter to be described. 

Moulds from any animal substances may be obtained 
by the above plan. 

In some instances it may be advisable to make a 
moidd of an animal in the elastic material before 
spoken of, in which case one half of the object may be 
imbedded in sand, and a cvlinder of sheet tin made to 
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•unround the object^ and being an inch or two higher 
it may be stuck in the sand. The elastic material is 
now to be passed into the cylinder, until it nearly 
reaches the top ; it is allowed to remain until the com* 
position has thoroughly set, when the metal rim may 
be removed, and the object separated from the mould. 
The other half of the object may be treated in the same 
way. The composition of wax and stearine may now be 
poured into each half of the mould, and plaster moulds 
may be taken from the wax models thus formed, which, 
being saturated with melted wax, may be plumbagoed 
and electrotyped. 

Moulds from Vegetable Substances, may be gene- 
rally taken in the same way as from animals. Leaves, 
sea-weeds, &c., may be thus copied : — Suppose we take 
a fern-leaf for example : let the back of the leaf be 
<;arefully imbedded in a paste of plaster of Paris, and 
with a piece of wood, guide the plaster so that it may 
fill up every crevice that is not to be copied. When 
the plaster is quite hard, melted wax may be poured 
over the leaf (which should be dusted over with plum- 
bago previously, to prevent the wax from adhering), 
and allowed to remain until quite cold. The leaf and 
plaster should now be separated from the wax mould, 
which is then ready to receive the plumbago, &c. 

Another good plan is, to brush over the back of the 
leaf with thin plaster, layer after layer, until it has 
received a good stout coating; this may now be im- 
bedded in sand, and wax poured on as before. 

Fern-leaves, sea-weeds, &c., may be imbedded in clay 
before the wax is applied to them. 

llie elastic moulding will also be found very useful in 
copying vegetable substances. 
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Gutta percha can seldom be applied with advantage 
to the copying of delicate objects of yegetable oi 
animal nature^ owing to the amount of pressure it 
requires to obtain an impression. 

Having described the various moulding material^ 
employed by electrotypists, we will proceed to the 
general applications of the art of electrotype. 

Articles of glass may be coated with copper^ by first 
covering them with a solution of gutta percha in tur- 
pentine or naphtha^ or wax dissolved in turpentine ; 
the article is then coated with plumbago, &c., in the 
usual way. The surface of the glass vessel may be 
rendered somewhat rough by submitting it to the 
fumes of hydrofluoric acid, but this is seldom requisite. 

In some cases it will be found difficult to apply plum- 
bago to a given surface, in which case the following 
mixture may be employed : — 

. Wax or tallow 1 pound. 

Spirit of turpentine 1 pint. 

India rubber 2 ounces. 

Asphalte 1 pound. 

Melt the wax or tallow, then dissolve the caoutchouc 
and asphalte in the turpentine, and add to the wax, 
stirring them well. Now pour in one pound of the 
following solution : — 

Phosphorus ...... 1 pound. 

Bisulphuret of carbon . . . . . 15 pounds. 

Smaller quantities may be mixed up in the same pro- 
portions. 

These substances being well blended together, objects 
to be electrotyped are brushed over with the compo- 
sition, or, being attached to a wire, are dipped into it. 
A weak solution of nitrate of silver is next provided. 
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coiitaiaing about two pennyweiglits of silver to the 
quart of distilled water^ into whicli the article is 
immersed until it assumes a black colour all over ; it is 
then placed in clean cold water, and afterwards dipped 
in a solution of chloride of gold, washed again, and 
allowed to dry spontaneously. The object is now 
ready to be placed in the bath, where it will receive the 
deposit very readily. 

The above method of rendering non-metallic sub- 
stances conductors of electricity is particularly applic- 
able to the coating of insects, flowers, and other 
delicate objects of nature. 

Flowers, &c., may also be dipped in a rather weak 

solution of nitrate of silver, and then 

Abe exposed to the fumes of phosphorus 
under a glass ; or the object b, after it 
has been dipped in nitrate of silver, 
may be placed in a bottle a charged 
with hydrogen, or phosphuretted hy- 
x drogen. 

Daguerreotypes may also be copied 
by the electrotype process, thus : — ^A portion of the back 
of the daguerreotype is to be cleaned by scraping it, or 
by applying a single drop of nitric acid, which is then to 
be wiped off; a little chloride of zinc is now put on 
the clean spot, and a small piece of thin pewter solder. 
A thickish copper wire, having one end flattened, is now 
placed in the flame of a candle or lamp, and being 
brought in contact with the picture, the heat is to be 
continued until the solder runs. The back of the 
daguerreotype may now be coated with wax, and may 
then be placed in the bath to receive the deposit of 
copper. The electrotype will be found easily separable 
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from the pictures^ and it should he slightly gilt^ in order 
to protect it from oxidation. 

Another useful application of the art of electrotype 
is the invention of Mr. Palmer^ termed by him glypho- 
graphy^ a description of which process we give here- 
with : — 

" A piece of ordinary copper plate^ such as is used 
for engravings is stained black on one side^ over which 
is spread a very thin layer of white opaque composition, 
resembling white wax, both in its nature and appear- 
ance ; this done, the plate is ready for use. 

" In order to draw properly on these plates, various 
sorts of points are used (according to the directions 
here given), which remove, wherever they are passed, 
a portion of the white composition, whereby the black- 
ened surface of the plate is exposed, forming a striking 
contrast with the surrounding white ground, so that the 
artist sees his effect at once. 

'^The drawing, being thus completed, is put into 

the hands of one who inspects it very carefully and 

minutely, to see that no part of the work has been 

damaged, or filled in with dirt or dust ; from thence it 

passes into a third person's hands, by whom it is 

brought in contact with a substance having a chemical 

attraction or aflSnity for the remaining portions of the 

composition thereon, whereby they are heightened ad 

libitum. Thus, by a careful manipulation, the lights of 

the drawing become thickened all over the plate equally, 

and the main difBiculty is at once overcome : a little 

more, however, remains to be done. The depth of 

these non-printing parts of the block must be in some 

degree proportionate to their width ; consequently, the 

larger breadths of lights require to be thickened on the 

8 
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plate to a much greater extent^ in order to produce this 
depth. This part of the process is purely mechanical, 
and easily accomplished. 

" It is indispensably necessary that the printing sur- 
faces of the block prepared for the press should project 
in such relief from the block itself^ as shall prevent the 
probability of the inking-roUer touching the interstices 
of the same whilst passing over them ; this is accom- 
plished in wood engraving by cutting out these inter- 
vening parts^ which form the lights of the prints to a 
sufficient depth; but in glyphography the depth of 
these parts is formed by the remaining portions of the 
white composition on the plate, analogous to the thick- 
ness or height of which must be the depth on the block, 
seeing that the latter is in fact (to simplify the matter) 
a east or reverse of the former. But if this composition 
were spread on the plate as thickly as required for this 
purpose, it would be impossible for the artist to put 
either close, fine, or free work thereon ; consequently 
the thinnest possible coating is put on the plate pre* 
viously to the drawing being made, and the required 
thidtness obtained ultimately as described. 

*^ The plate thus prepared is again carefully inspected 
through a powerful lens, and closely scrutinised, to see 
that it is ready for the next stage of the process, which 
is to place it in a trough and submit it to the action of 
^a galvanic battery, by means of which copper is depo- 
sited into the indentations thereof, and, continuing to 
fill them up, it gradually spreads itself all over the sur- 
face of the composition, until a sufficiently thick plate 
of copper is obtained, which, on being separated, will 
be found to be a perfect cast of the drawing which 
formed the cUchie- 
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" Lastly, the metallic plate thus produced is soldered 
to another piece of metal to strengthen it^ and then 
mounted on a piece of wood to bring it to the height 
of the printer's type. This completes the process^ and 
the glyphographic block is now ready for the press. 

''It should^ however, have been stated previously, 
that if any parts of the block require to be lowered, it 
is done with the greatest facility in the process of 
mounting.^' 

For the purpose of coating iron or zinc with copper, 
various solutions are employed. 

1. Add to a solution of sulphate of copper a solution 
of cyanide of potassium, which will form a greenish 
precipitate ; care must be taken to avoid breathing the 
fumes arising during this part of the process, as they 
are highly injurious. The precipitate is to be washed 
several times with cold water, and lastly dissolved with 
cyanide of potassium. 

£. Pour into a solution of sulphate of copper, a solu- 
tion of ferrocyanide of potassium, until no further pre- 
cipitation takes place. Wash the precipitate as before. 
Cyanide of potassium will dissolve the precipitate. It 
is recommended to work this solution hot. 

3. The solution which I have found to answer best 
for coating iron and zinc is composed of — 

Carbonate of potaasa 4 onnoes. 

Sulphate of copper 2 „ 

liquid ammonia (abont) 2 „ 

Qyanide of potassinm ^ »> 

Water (abont) 1 gallon. 

Dissolve the sulphate of copper in boiling distilled or 
rain water, and when cold add the carbonate of potassa 
and ammonia; the precipitate when formed is redis- 
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bolved. Now add the cyanide of potassium^ until all 
the blue colour disappears. A precipitate will be found 
at the bottom of the vessel, from which the clear solu- 
tion may be separated by decantation. 

The chloride or acetate of copper may be used instead 
of the sulphate, the former being preferable to the 
latter, but more expensive. Solutions thus made may 
be worked cold. Two cells of the battery described at 
page 7 will be found to answer admirably, for the 
purpose of depositing from these solutions. 

Articles of iron which are to receive the deposit of 
copper should be previously soaked in a strong solution 
of caustic alkali, either soda or potassa, made by adding 
to either of these salts some recently slaked lime ; the 
clear liquor proceeding from which is to be used for 
the purpose of removing any grease which may attach 
to the article, which is then to be well washed and 
immersed in a " pickle," consisting of — 

Sulphuric add 1 pound. 

Hydrochloric aoid 2 ounces. 

Water li gaUon. 

After the iron article has remained in this pickle for a 
short time, it may be removed, and well washed and 
scoured with sand and water, applied with a very hard 
brush. 

Articles of zinc may be placed in the alkali, and then 
ftteeped in the following pickle : — 

Sulphuric add 1 pound. 

Water 2 gallona. 

After pickling, the articles may be scoured with sand if 
they require it, which is seldom the case, unless the 
work is old and greasy, in which case the brush and 
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•and will readily remove any stains which may present 
themselves after pickling. 



BRONZING. 

When an electrotype is obtained, or a surface of iron 
or zinc coated with copper, a bronze appearance may 
be imparted by any of the following mixtures, which 
should be laid on with a soft brush, and allowed to dry; 
after which a somewhat harder brush should be briskly 
applied to the object, until it has become thoroughly 
brightened. Should the bronze, however, appear too 
uniform and want relief, a little of the composition 
should be rubbed off the raised surfaces, in order to 
give an effect of light and shade. This may be done 
to suit the taste of the operator. 

As the bronzing mixtures are of different colours, 
and are to produce various effects, care should be taken 
never to apply any two of them with the same brush, 
without previously washing it. 

Black Bronze. — ^Dissolve platinum in nitro-hydro- 
chloric acid, and evaporate to dryness, or to crystallisa- 
tion. Dissolve this in spirit of wine, ether, or water. 
A few drops of this solution may be mixed with any of 
the bronzing powders, such as crocus, sienna, rouge, 
&c. It is well to gently heat the article to be bronzed, 
previous to applying this composition. The projecting 
portions of the article may be lightened, if requisite, by 
applying a little liquid ammonia to them with a piece 
of chamois leather. 

Brown Bronze. — Bouge, with a little chloride of 
platinum and water, will form a chocolate brown of 
considerable depth of tone, and is exceedingly applicable 
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to brass surfaces^ whicli are required to resemble a 
copper bronze. 

Parisian Bronzes. 

I. 

Plumbago 1 onnoe. 

Sienna . • 2 „ 

Rouge in 

Add a few drops of hydrosulphate of ammonia and 

water. 

II. 

Gbromate of lead 2 ounces. 

Prussian blue . . . • • . . 2 ,, 

. Plumbago i pound. 

Sienna powder in 

Lac carmine in 

Add sufficient water to make a paste. To this may 
be added either chloride of platinum, or hydrosulphate 
of ammonia^ according to the taste of the manipulator. 

Another bronze may be made by mixing a little 
rouge, crocus, and hydrosulphate of ammonia in water; 
this should be applied several times, in order to give a 
body to the bronze. 

Having given the principal facts connected with 
the electro-deposition of copper, sufficient I hope to 
enable the student to pursue the subject with ease and 
success, I now proceed to describe the various pro- 
cesses of Electro-Plating, in which I trust to present to^ 
the reader some useful practical information. 

ELECTRO-DEPOSITION OF SILVBB. 

The most important of all the arts of electro-depos^ 
tion is that denominated *' electro-plating." This beau- 
tiful art is now practised to a vast extent in London, 
Sheffield, Birmingham, and Paris. Articles, chiefly 
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made of German silver^ are coated with fine silver^ and 
thus, to a great extent, supersede the ordinary ShefBield 
and Birmingham plate ; whilst old articles from which 
the silver has worn off can be replated, and thus rendered 
equal, and in some instances, superior to new. 

Previous to the discovery of this art, when the silver 
had disappeared from the surfaces of plated articles by 
long usage, they became useless, as there was no process 
known by which the articles could be re-silvered. 

Since the first introduction of the art, many have 
worked it with considerable success, and in the principal 
towns in England, Ireland, and Scotland, there are 
manufactories in which, annually, a vast amount of 
silver is deposited upon articles of various construction, 
and yet there is no superabundance of electro-platers ; 
for I believe that if there were ten times the number, 
they would all do well, and for this reason : — the 
amount of pLated goods now manufactured all over 
the kingdom far exceeds that made in the old days of 
Sheffield and Birmingham plate ; and the silver which 
is deposited on these goods must be replaced as it 
wears off, in the progress of time, by the electro-plater. 
Again, many persons now use plated German silver 
goods in preference to silver, either owing to their 
superior beauty, their being less tempting to the 
marauder, or more economical to purchase. And when 
we bear in mind the vast quantity of electro-plate which 
is to be found in the hotels, restaurants, and private 
houses in the united kingdom — which is daily having 
its silver rubbed and scrubbed off, there is good reason 
to believe that the electro-plater's services will be ex- 
tensively required, in proportion as the manufacture 
and consumption of electro-plate progresses. 
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There are many solutions employed in depositing 
silver upon various metals^ from which we will select 
those most likely to succeed with the beginner and the 
practical man. The proportions of the materials used 
being the same in small or large operations^ the mani- 
pulator may easily make up either of the following 
solutions in any quantity he pleases^ from a pint to 1000 
gallons or more. 

Silver Solutions. — In making any of these solu- 
tions^ perfectly ^n« silver must be employed ; or^ if it ia 
desired to use standard or other impure silver^ it will 
be better to purify the silver by first dissolving it in 
nitric acid 5 then add about one quart of cold water to 
the acid solution obtained from dissolving four ounces 
of silver. Now throw in a few pieces of sheet copper 
to precipitate the silver, and proceed as described at 
page 93. When the pure silver is thus obtained, it is 
to be again dissolved in two parts water and one part 
nitric acid. 

Solution I. 

Fine silyer ....... 1 ounce. 

Nitric add ..... about 1 ,, 

Water i „ 

Put the silver carefully into a Florence flask, and then 
pour in the acid and water ; place the flask on a sand 
bath for a few minutes, taking care not to apply too 
much heat, and as soon as chemical action becomes 
violent, remove the flask to a cooler place, and allow 
the action to go on until it nearly ceases ; when, if 
there be silver still undissolved, the flask may be again 
placed on the «and-bath until the silver disappears. If, 
however, the acid employed has been weak, it may be 
necessary to add a little more. The red fumes formed 
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when chemical action is going on disappear when the 
silver is dissolved or when the acid has done its work. 
If a little black powder be visible at the bottom of the 
flask^ it may be taken care of separately^ as it is gold. 
I have frequently found gold in the silver purchased of 
a refiner; in some instances more than sufficient to 
pay the expense of the acid employed. 

The nitrate of silver formed during the above opera- 
tion should be carefully poured into a porcelain or 
Wedgwood capsule^ and heated until a pellicle appears 
on the surface^ when it may be placed aside to crystallise. 
The uncrystallised liquor should then be poured from 
the crystals into another capsule^ and heat applied until 
it has evaporated sufficiently to crystallise. When this 
is done^ the crystals of nitrate of silver are to be placed 
in a large jar or other suitable vessel^ and about three 
pints of cold distilled water added^ the whole being 
well stirred with a glass rod until the crystals are 
dissolved. 

A quantity of carbonate of potassa is now to be dis- 
solved in distilled water^ and some of the solution added 
to the nitrate of silver^ until no further precipitation 
takes place. It is advisable occasionally to put a little of 
the clear solution in a glass, or test-tube^ and to add a 
few drops of the solution of potassa^ in order to ascertain 
whether all the silver is thrown down^ or otherwise ; as 
soon as the application of the alkaline solution produces 
no effect upon the solution of nitrate of silver^ this 
operation is complete. 

The supernatant liquor (that is^ the fluid which remains 
above the precipitate) should next be carefully poured 
off the precipitated silver^ and fresh water added; this is 
again allowed to settle, and the water poured off as 



42 ELECTBO-METALLURGT. 

before, wliich operation should be repeated sereral timeft 
in order to wash the precipitate thoroughly. 

A quantity of cyanide of potassium is then to be dis- 
solved in hot or cold water^ and rather more than is 
sufBicient to dissolve the precipitate added. In a few 
minutes the carbonate of silver will be dissolved by the 
cyanide^ but in all probability there will be a trifling 
sediment at the bottom of the vessel^ which may be 
separated from the solution by filtration^ and preserved, 
as in all probability it will contain a little silver. 

Sufficient water is now to be added to make one 
gallon of solution. Should the solution be found to 
work rather slowly at firsts a little of the solution of 
cyanide may be added from time to time^ as it is 
required : but it is preferable^ in working a new solu- 
tion, to have as small a proportion of cyanide as pos- 
sible, otherwise the articles may strip, but more espe- 
cially if they are composed of German silver. 

When a silver solution has been worked for some 
length of time, it acquires organic matter, and is then 
capable of bearing, without injury, a larger proportion 
of cyanide. 

It is necessary that the nitric acid employed for dis- 
solving silver should be of good commercial quality^ if 
not chemically pure, for if it contains hydrochloric acid 
(which is not an unfrequent adulteration), a portion of 
the silver dissolved will become precipitated in the form 
of a white flocculent powder (chloride of silver), and 
the success of the operation is thereby impaired. 

Solution II. — To one ounce of silver, dissolved and 
crystallised as above directed, is to be added three pints 
of distilled water. The silver is to be precipitated from 
this by adding gradually a strong solution of cyanide of 
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potassium. This must be done with caution^ as an 
excess of cyanide will re-dissolve the precipitate. Should 
the operator, however, accidentally apply too much 
cyanide, a little nitrate of silver in solution may be 
added, the silver of which will be precipitated by the 
surplus cyanide. A portion of the solution should be 
placed in a wine-glass occasionally, and a drop of 
cyanide added, until no further effect is produced by 
this substance. 

As soon as the precipitate (which is white) has sub- 
sided, the clear solution is to be poured off, and fresh 
water added, this being done several times, as before, 
to wash the precipitate. 

Three pounds of ferrocyanide of potassium (yellow 
prussiate of potassa) may now be dissolved in water, 
and added to the precipitate. When the precipitate is 
dissolved, add sufficient water to make one gallon of 
solution, which should then be filtered before using. 
This solution is not very profitable to the electro-plater, 
as it requires fresh silver to be added frequently, owing 
to the fact that the anode, or silver plate, is not acted 
upon by the ferrocyanide, therefore the solution soon 
becomes deprived of its silver. It may be used, how- 
ever, for experimental purposes. 

Solution III. — One ounce of fine silver dissolved 
and treated as before, to which add three pints of dis- 
tilled water. Precipitate the silver by adding a strong 
solution of common salt — an excess does no harm. A 
single drop of hydrochloric acid will show whether all 
the silver is thrown down or not. The white precipi- 
tate thus formed (which is chloride of silver) is to be 
washed as before. 

A quantity of hyposulphite of soda is next dissolved 
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in hot distilled water, and a sufficient quantity added 
to dissolve the precipitate. Water is then to be added 
to make one gallon. This solution is decomposed by 
light, and should therefore be kept covered up, or in a 
dark place. It is not much used by electro-platers. 

Solution IV. — One ounce of fine silver treated aa 
before, and dissolved in three pints of distilled water. 
Precipitate with common salt, and wash, as above 
directed. Dissolve the precipitate with a strong solu- 
tion of cyanide of potassium, taking care not to add 
much more than will dissolve the chloride of silver. 
Filter carefully, at least once through the same filtering 
paper and once through clean filtering paper, and then 
add enough distilled water to make one gallon of solution. 

The above solution is very useful when it is desired 
to plate an article delicately white, but the silver is 
liable to strip when the burnisher is applied to it. This 
solution, however, may be employed with less fear of 
the work stripping, if it be used weaker, with a small 
surface of anode and feeble battery power. 

Under all circumstances this solution is more applic- 
able to surfaces which only require to be scratch- 
brushed, or which are to be left dead. Chased figures^ 
clock-dials, cast metal work, &c., may be admirably 
plated with this solution. 

Solution V. — One ounce of fine silver, as before, 
and the crystals dissolved in three pints of distilled 
water. Add strong solution of cyanide of potassium 
until no further precipitation takes place. If too much 
cyanide is added, it will re-dissolve the precipitate. 
Pour off the supernatant liquor and wash the silver as 
before. Now add strong solution of cyanide to dissolve 
the precipitate. Make one gallon with distilled water. 
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The solution should have a moderate excess of cyanide^ 
and it must be filtered before using. 

Solution VI. — A silver solution may be made by 
dissolving one ounce of silver as before. Dissolve the 
crystals in one pint of distilled water. Next be pre- 
pared with a large vessel full of lime-water^ made by 
adding recently slaked lime to an ample quantity of 
water, which, it must be remembered, dissolves but a 
very small per-centage of lime. To the clear lime- 
water is to be added the solution of nitrate of silver, 
which will be converted into a dark brown precipitate 
(oxide of silver). When all the silver is thrown down, 
the clear liquor is to be poured off, and the precipitate 
washed as before. Now add strong cyanide of potas- 
sium solution to dissolve the oxide of silver, and make 
one gallon with distilled water. 

This makes a very excellent solution, although it is 
somewhat troublesome to prepare. 

Solution VII. — Dissolve in one gallon of water one 
ounce and a-quarter of cyanide of potassium, in a 
stone-ware or glass vessel. Fill a porous cell with some 
of this solution, and place it in the larger vessel ; the 
solution should be the same height in both vessels. 
Then put a piece of sheet copper or iron, connected 
with the wire which proceeds from the zinc of the bat- 
tery, into the porous cell. Place in the stone vessel a 
piece of stout sheet silver, which must be previously 
attached to the wire issuing from the copper of the 
battery. It is well to employ several cells alternated, 
for this purpose, when a large quantity of solution has 
to be prepared ; that is to say, the zinc of one battery 
should be united by a wire with the copper of the next, 
and so on. In a few hours the solution in the larger 
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vessel will have acquired sufBicient silver^ and the sola- 
tion may be at once used. The porous cell is to be 
removed^ and its contents may be thrown away. 

In working this solution at first it is necessary to 
expose a rather large surface of anode^ and small quan- 
tities of cyanide must be added occasionally until the 
solution is in brisk working order. 

This is one of the best solutions, when carefully 
prepared, and is less liable to strip than many others. 

Solutions of silver may be prepared by precipitating 
the silver from the solution of nitrate with ammonia, 
soda, magnesia, &c., &c., but for all practical purposes 
the solutions I., IV., V., VI., and VII., may, if care- 
fully prepared, be depended upon. 

When it is desired that the articles should come out 
of the bath having a bright appearance, a little bisuU 
phuret of carbon is added to the solution. This is best 
done in the following manner : — Put an ounce of bisul- 
phuret of carbon into a pint bottle containing a strong 
silver solution with cyanide in excess. The bottle 
should be repeatedly shaken, and the mixture is ready 
for use in a few days. A few drops of this solution 
may be poured into the plating bath occasionally, until 
the work appears sufficiently bright. The bisulphuret 
solution, however, must be added with care, for an 
excess is apt to spoil the solution. In plating surfaces 
which cannot easily be scratch- brushed, this brightening 
process is very serviceable. The operator, however, 
must never add too much at a time. 

In making up any of the foregoing solutions the 
weights and measures employed are troy, or apothe- 
caries' weight, and imperial measure, a table of which 
will be given at the end of this volume. 
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Having at command any of the solutions described^ 
the operator may next arrange the battery. A plate 
a, a, a, or sheet of silver, is to be attached to the wire 
issuing from the copper of the battery b, and supported 
by a brass rod d; this may be done either by soldering 
them together or uniting them with a suitable binding 
screw; but the best plan of attaching the anode, or 




sheet of silver, to the copper wire is as follows : — Cut 
a strip to within half an inch or so ; this strip may 
be united to the wire by a binding screw or soldered. 
If cast plates of silver are used, it is advantageous to 
have them cast with an extra piece, about three inches 
long at the corners, to attach the copper wire to. 

The object in adopting either of the above arrange* 
ments is to prevent the copper wire entering the bath, 
as this is much impaired by allowing the copper to be 
immersed in the cyanide solution, whether deposition 
IS taking place or not. Copper, if left in the bath for 
any length of time, even unconnected with a battery, 
will reduce a portion of the silver from the solution, 
an equivalent of the copper taking its place. This is 
especially the case when a large quantity of free cyanide 
is present. 

A brass rod e, with a binding screw soldered or screwed 
on one end of it, is now to be attached to. the negative 
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wire of the battery. The articles to be coated may be 
suspended to this rod by pieces of clean copper wire ; 
the wire used for this purpose may be rather thin, yet 
sufficiently strong to bear the weight of the articles. 
The thinner the wire is the less mark will be made 
upon the articles coated — a very important considera- 
tion in some cases, especially where spoons and forks 
are to be plated. This wire is termed " slinging wire/' 
The size I generally prefer for spoons and forks is 
about ^nd of an inch in thickness. The rods from 
which the anodes and goods to be plated are suspended 
must be kept quite clean and bright, by rubbing with 
emery cloth. 

Preparation of New Work to be Plated.— Ger- 

man silver spoons and forks may be first placed in a hot 
solution of caustic soda or potassa (made by mixing 
recently-slaked lime with a concentrated hot solution 
of either spda or potassa, and allowing the lime to sub- 
side, the liquor is ready for use when further diluted), 
in order to remove any grease which may be upon 
them. A few minutes will effect this, as the caustic 
alkali very readily converts the small amount of grease 
generally on these articles into a soapy substance, easily 
removable by water. This process, however, is not 
indispensable ; I seldom adopt it. 

The spoons, &c., may now be well brushed with either 
powdered pumice-stone or powdered bath-brick (I 
prefer the latter) and water — a hard brush being ap- 
plied to the purpose. This cleansing process is carried 
on until all the polish of the spoons is removed ; and 
the fingers which hold the articles should be kept well 
charged with the powdered material, to prevent any 
grease or perspiration being imparted to the work. In 
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cleaning spoons^ it is advisable to begin at the inside 
of the bowl^ and then to proceed to the other parts ; 
lastly^ going over the whole surface lightly^ to render 
it uniform after the necessary handling it has been 
subjected to. A little practice will soon render the 
operator expert in these important details. The spoons^ 
&c.^ are to be placed in clean cold water as soon as 
they are brushed, and are then ready for the bath. The 
slinging wires may now be attached. 

When a solution is newly made, the work is apt to 
be irregularly coated at first, therefore it may be neces<v 
sary to take the articles out of the bath about ten 
minutes after their first immersion, and to give them 
another slight rub with the brush and powdered ma- 
terial as before, when they should be again rinsed and 
placed in the solution. 

If it is desired to give the spoons a very strong coat- 
ing of silver, it is well, after a few hours^ immersion, to 
remove them from the bath, and to submit them to the 
action of a lathe scratch-brush (consisting of a '^ chuck," 
with several bundles of fine brass wire attached to it, 
upon which beer or weak ale is allowed to run from a 
small barrel, with a tap to it, from above). This process 
will burnish down the white "burr," as it is called^ 
and which consists of minute crystals of fine silver, 
and will prevent the coating from becoming rough. 
After the articles are scratched they should be rinsed 
in clean water, and again placed in the bath until done. 
The spoons may be lightly brushed over with moistened 
silver sand instead of being scratch-brushed, but the 
latter is preferable. When the goods have received 
the required coating they are again scratched, and can 
then be finished, either by the burnisher or polisher. 
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If the operator desires to know exactly how much 
silver is deposited on a given quantity of work, this 
may be done by weighing the article before and after 
immersion ; or, by weighing the anode each time, he 
may form a tolerably correct estimate of the amount 
of silver deposited, for the anode generally supplies the 
solution with the amount of silver taken from it by the 
articles coated, that is to say, if all circumstances have 
been favourable. 

When the articles are first placed in the bath, a suf- 
ficient surface of anode should be exposed (that is, 
immersed in the solution) to enable the goods to become 
whitish in the course of a few seconds. If they assume 
this appearance the very instant they enter the bath, 
the process is going on too quickly, and the articles 
will be liable to ^^ strip.'' I regulate the speed of the 
operation of electro-deposition almost entirely by the 
anode, and I prefer exposing a small portion of this 
electrode at first, until the goods are uniformly covered, 
when the anode is lowered, little by little, until suf- 
ficient is exposed to carry on the operation with requisite 
speed. But the state of the solution and the battery 
must also be carefully attended to. 

Large goods — for example, tea-pots, cruet-frames, 
tea-urns, &c., may be treated in the same way as spoons 
and forks, but care must be taken that no impression 
of the fingers be left on any of the plain surfaces, as in 
such case a roughness will occur at that part. 

Preparation of Old Work to be Plated.— 

Sheffield or Birmingham plated cruet, soy, and liquor 
frames, &c., from which the silver has worn off, should 
first have the bottom separated from the wire, either by 
unsoldering or unscrewing, as the case may be. The 
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bottom^ if it is very roughs may be rendered smooth ' 

by means of emery cloth^ or pumice-stone and water, 
and emery cloth afterwards. It may he finished with 
water-of-Ayr stone. The cruet-frame wire may gene- 
rally be made smooth with emery cloth only. 

As soon as the parts of the frame are smooth^ the 
edges^ feet^ Sec,, may be brushed with a hard brush and 
powdered Bath brick^ until all the interstices are quite 
clean. If there be any verdigris on any part of the 
frame it may be removed immediately by applying a 
few drops of hydrochloric acid ("spirit of salf ) to the 
part. When the edges have been well brushed^ the 
frame should be brushed all over in the same way, 
and it is then ready for the solution. But if the 
edges or mounts are lead ("silver edges'' they are 
generally termed), it will be necessary to apply, with a 
rather soft brush, a solution made by dissolving four 
ounces of mercury in nitric acid, and adding about 
half-a-pint of cold water. This solution is to be lightly 
brushed over the lead mounts only; the article and 
brush are then to be well rinsed, and the brush and 
plain water again applied in the same way. The solu- 
tion of mercury will turn the edges black, or dark grey, 
but the subsequent brushing will render them bright 
again. The frame is now to be well rinsed and is 
ready for the depositing bath. If, on its first immer- 
sion, any black spots eidiibit themselves, the frame 
may be removed, again brushed over, and finally re- 
turned to the bath. If the edges do not receive the 
coating of silver as readily as the other parts, the 
solution may require a little more cyanide, or strengthen 
the power of the battery, or by increasing the surface 
of the anode this may be accomplished. 

D 2 
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I have successfully coated tbese lead edges by apply 
ing a solution of sulphate of copper a^ with a little free 
sulphuric acid in it^ thus : — I dip one portion of the 

edge at a time in 
the solution of 
sulphate of cop- 
per, and with a 
piece of iron b, 
I touch the lead 
edge c, in solution, and this in an instant becomes 
coated with a bright deposit of copper. This is now 
rinsed, and the next part of the edge is treated in the 
same way, and so on. By this plan lead edges may be 
coated with great facility and certainty of success. 

Generally, underneath the bottoms of cruet frames is 
a coating of tin ; and as this metal is very troublesome 
to plate, unless in a solution made expressly for it, I 
prefer removing the tin, either by means of nitric or 
hydrochloric acid (the latter being rather a slow pro- 
cess), or with emery cloth and pumice; but nitric 
acid, employed with care, is the quickest plan. 

When it is wished merely to whiten an article with 
silver, the amount deposited being of no consideration^ 
solution No. 4, described at page 44, should be used. Let 
us suppose that a time-piece dial be the object to be 
whitened. The dial is first cleaned with a brush in the 
ordinary way, until all the old silver (if any) is removed ; 
it is then rubbed with a piece of chamois leather and finely 
powdered Bath brick, slightly moistened; it is better 
to pass the leather over the surface in circles, so as to 
render the face as uniform as possible and to prevent 
the deposit from being patchy. The dial is then to be 
rinsed in quite clean water and suspended in the bath. 
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If the finger has been allowed to touch the face of the 
dial^ it will be found that that part exhibits a dulness 
corresponding to the form of the skin of the finger, and 
it will be necessary to rub the dial as before with the 
chamois leather. The dial should be supported by the 
edges only. A few minutes^ immersion will be sufficient 
to whiten a dial. When done, it is to be plunged into 
boiling water, and allowed to dry spontaneously, or be 
placed in perfectly clean box saw-dust. 

Articles which are to be left with a dead- white sur- 
face, may be prepared in the same way, but they 
require to remain longer in the bath ; in fact, till they 
assume the characteristic dead-white appearance. They 
are then to be placed in boiling water, and finally in 
box-dust, the latter being removed by means of a 
soft brush. 

When it is necessary to whiten goods very quickly, 
the solution may be weakened with hot water, and the 
temperature raised to about 130^ Fahr. The surface of 
anode exposed must be less than if the solution were 
to be worked cold. Moving the articles about in the 
solution occasionally^ ensures uniformity and improves 
the whiteness by giving it a slight transparency. 

When any of the solutions have been in use for some 
length of time, their conductibility may be augmented 
by adding a little cyanide of potassium. After the 
first few days, the solution generally works better than 
when newly made; therefore it is not advisable to 
make any alteration in it until it begins to work rather 
tardily, when the additional cyanide may be added. I 
have invariably found that a solution that has been 
worked for several years has given better results than 
one recently made, and I have never yet been com- 
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pelled to resupply the solution with silver; this is 
simply because I have taken care to work with a suffix 
cient surface of anode^ with battery power of feeble 
intensity^ and with enough free cyanide in solution to 
cause the anode to yield as much silver to the bath 
as the plated articles have from time to time removed 
from it. 

Iron is by no means an easy metal to coat with 
silver. It may^ however^ be successfully plated with 
care. The iron article should first be well cleaned 
and rendered free from rust, either by rubbing with 
emery cloth, or by dipping it into a pickle composed of 

Salpbnrio ftcid 2 ounces. 

Hydrochloric acid 1 ounce. 

Water 1 gallon. 

It may remain in this pickle until the oxide or rust 
becomes easily removable by a brush and wet sand. 
If it be found, on removing the articles from the pickle, 
that the oxide does not brush off easily, it should be 
returned to the pickle-bath. When the surface is 
merely rusty, strong hydrochloric acid alone will remove 
the rust and render the article at once clean and ready 
for the sand-brush. The articles when cleaned and 
well rinsed, may be placed in the alkaline solution of 
copper bath, described at page S5, and allowed to 
remain until they have received a slight coating ; they 
may then be rinsed and placed in the silvering bath ; 
or the articles may be electro-brassed by any of the 
processes hereafter to be described, and then immersed 
in the plating bath. 

It is better to deposit a coating either of brass or 
copper upon an iron surface, to insure success. Copper 
will adhere well to iron, but silver will not, therefore 
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copper acts the useful part of a '^ go-between/' thereby 
preventing the disagreement that might arise were two 
metals^ so antagonistic to each other as silver and iron, 
allowed to come in contact. 

The solution in which iron is to be plated should be 
weakened with about fifty per cent, of water. 

Britannia metal^ pewter, and all combinations of 
lead and tin, are best plated in a solution containing a 
good deal oP free cyanide. Deposition should be 
suffered to take place quickly at first, so as to insure 
the deposit going well all over the article. A larger 
surface of anode, also, must be exposed than would be 
required for German silver work — probably three times 
the: surface. 

The battery power must be energetic, but not too 
intense. Two 4-gallon cells of the battery described at 
page 10 will be sufficient for objects of considerable size. 
Articles made of Britannia metal, &c., should not be 
disturbed while in solution. They may, however, be 
shifted now and then so as to expose a fresh stu'face to 
the anode, for the sake of causing uniformity of deposit, 
but it is not advisable to let the solution be agitated 
more than is absolutely necessary. This caution, he 'v- 
ever, is chiefiy applicable to the period when the articles 
are first immersed in the bath. 

The goods may be prepared for plating by brush- 
ing them over with silver sand and water, with a 
moderately hard brush, instead of the powdered Bath 
brick used for other metals. The articles* may be 
cleansed from grease by placing them for a few 
minutes in a hot solution of caustic soda. 

If the articles, when they have been placed in the 
plating bath for a few moments, present an unequal 
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pelled to resupply the solution with silver; this is 
simply because I have taken care to work with a suffix 
cient surface of anode, with battery power of feeble 
intensity, and with enough free cyanide in solution to 
cause the anode to yield as much silver to the bath 
as the plated articles have from time to time removed 
from it. 

Iron is by no means an easy metal to coat with 
silver. It may, however, be successfrQly plated with 
care. The iron article should first be well cleaned 
and rendered free from rust, either by rubbing with 
emery cloth, or by dipping it into a pickle composed of 

Sulpbnrio add ...... 2 ounces. 

Hydrochloric acid 1 ounce. 

Water 1 gallon. 

It may remain in this pickle until the oxide or rust 
becomes easily removable by a brush and wet sand. 
If it be found, on removing the articles from the pickle, 
that the oxide does not brush off easily, it should be 
returned to the pickle-bath. When the surface is 
merely rusty, strong hydrochloric acid alone will remove 
the rust and render the article at once clean and ready 
for the sand-brush. The articles when cleaned and 
well rinsed, may be placed in the alkaline solution of 
copper bath, described at page S5, and allowed to 
remain until they have received a slight coating ; they 
may then be rinsed and placed in the silvering bath; 
or the articles may be electro-brassed by any of the 
processes hereafter to be described, and then immersed 
in the plating bath. 

It is better to deposit a coating either of brass or 
copper upon an iron surface, to insure success. Copper 
will adhere well to iron, but silver will not, therefore 
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copper acts the useful part of a ''go-between/' thereby 
preventing the disagreement that might arise were two 
metals^ so antagonistic to each other as silver and iron, 
allowed to come in contact. 

The solution in which iron is to be plated should be 
weakened with about fifty per cent, of water. 

Britannia metal^ pewter^ and all combinations of 
lead and tin^ are best plated in a solution containing a 
good deal oP free cyanide. Deposition should be 
suffered to take place quickly at firsts so as to insure 
the deposit going well all over the article. A larger 
surface of anode^ also^ must be exposed than would be 
required for German silver work — probably three times 
the surface. 

The battery power must be energetic, but not too 
intense. Two 4-gallou cells of the battery described at 
page 10 will be sufficient for objects of considerable size. 
Articles made of Britannia metal, &c., should not be 
disturbed while in solution. They may, however, be 
shifted now and then so as to expose a fresh surface to 
the anode, for the sake of causing uniformity of deposit, 
but it is not advisable to let the solution be agitated 
more than is absolutely necessary. This caution, he w- 
ever, is chiefly applicable to the period when the articles 
are first immersed in the bath. 

The goods may be prepared for plating by brush- 
ing them over with silver sand and water, with a 
moderately hard brush, instead of the powdered Bath 
brick used for other metals. The articles* may be 
cleansed from grease by placing them for a few 
minutes in a hot solution of caustic soda. 

If the articles, when they have been placed in the 
plating bath for a few moments, present an unequal 
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pelled to resupply the solution with silver; this is 
simply because I have taken care to work with a suffix 
dent surface of anode^ with battery power of feeble 
intensity^ and with enough free cyanide in solution to 
cause the anode to yield as much silver to the bath 
as the plated articles have from time to time removed 
from it. 

Iron is by no means an easy metal to coat with 
silver. It may^ however^ be successfully plated with 
care. The iron article should first be well cleaned 
and rendered free from rust^ either by rubbing with 
emery cloth^ or by dipping it into a pickle composed of 

Salpbnrio acid ...... 2 ounces. 

Hydrochloric acid 1 ounce. 

Water 1 gallon. 

It may remain in this pickle until the oxide or rust 
becomes easily removable by a brush and wet sand. 
If it be found, on removing the articles from the pickle, 
that the oxide does not brush off easily, it should be 
returned to the pickle-bath. When the surface is 
merely rusty, strong hydrochloric add alone will remove 
the rust and render the article at once clean and ready 
for the sand-brush. The articles when cleaned and 
well rinsed, may be placed in the alkaline solution of 
copper bath, described at page S5, and allowed to 
remain until they have received a slight coating ; they 
may then be rinsed and placed in the silvering bath; 
or the articles may be electro-brassed by any of the 
processes hereafter to be described, and then immersed 
in the plating bath. 

It is better to deposit a coating either of brass or 
copper upon an iron surface, to insure success. Copper 
will adhere well to iron, but silver will not, therefore 
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copper acts the useful part of a '' go-between/' thereby 
preventing the disagreement that might arise were two 
metals^ so antagonistic to each other as silver and iron, 
allowed to come in contact. 

The solution in which iron is to be plated should be 
weakened with about fifty per cent, of water. 

Britannia metal^ pewter, and all combinations of 
lead and tin, are best plated in a solution containing a 
good deal oP free cyanide. Deposition should be 
suffered to take place quickly at first, so as to insure 
the deposit going well all over the article. A larger 
surface of anode, also, must be exposed than would be 
required for German silver work — probably three times 
the surface. 

The battery power must be energetic, but not too 
intense. Two 4-gallon cells of the battery described at 
page 10 will be sufficient for objects of considerable size. 
Articles made of Britannia metal, &c., should not be 
disturbed while in solution. They may, however, be 
shifted now and then so as to expose a fresh surface to 
the anode, for the sake of causing uniformity of deposit, 
but it is not advisable to let the solution be agitated 
more than is absolutely necessary. This caution, he t- 
ever, is cfaiefiy applicable to the period when the articles 
are first immersed in the bath. 

The goods may be prepared for plating by brush- 
ing them over with silver sand and water, with a 
moderately hard brush, instead of the powdered Bath 
brick used for other metals. The articles^ may be 
cleansed from grease by placing them for a few 
minutes in a hot solution of caustic soda. 

If the articles, when they have been placed in the 
plating bath for a few moments, present an unequal 
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pelled to resupply the solution with silver; this is 
simply because I have taken care to work with a suffix 
cient surface of anode^ with battery power of feeble 
intensity^ and with enough free cyanide in solution to 
cause the anode to yield as much silver to the bath 
as the plated articles have from time to time removed 
from it. 

Iron is by no means an easy metal to coat with 
silver. It may, however, be successfully plated with 
care. The iron article should first be well cleaned 
and rendered free from rust, either by rubbing with 
emery cloth, or by dipping it into a pickle composed of 

Salpbnrio acid 2 ounces. 

Hydrocliloric acid 1 onnce. 

Water 1 gallon. 

It may remain in this pickle until the oxide or rust 
becomes easily removable by a brush and wet sand. 
If it be found, on removing the articles from the pickle, 
that the oxide does not brush off easily, it should be 
returned to the pickle-bath. When the surface is 
merely rusty, strong hydrochloric acid alone will remove 
the rust and render the article at once clean and ready 
for the sand-brush. The articles when cleaned and 
well rinsed, may be placed in the alkaline solution of 
copper bath, described at page 85, and allowed to 
remain until they have received a slight coating ; they 
may then be rinsed and placed in the silvering bath; 
or the articles may be electro-brassed by any of the 
processes hereafter to be described, and then immersed 
in the plating bath. 

It is better to deposit a coating either of brass or 
copper upon an iron surface, to insure success. Copper 
will adhere well to iron, but silver will not, therefore 
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copper acts the useful part of a " go-between/' thereby 
preventing the disagreement that might arise were two 
metals^ so antagonistic to each other as silver and iron, 
allowed to come in contact. 

The solution in which iron is to be plated should be 
weakened with about fifty per cent, of water. 

Britannia metal^ pewter^ and all combinations of 
lead and tin^ are best plated in a solution containing a 
good deal oP free cyanide. Deposition should be 
suffered to take place quickly at firsts so as to insure 
the deposit going well all over the article. A larger 
surface of anode^ also^ must be exposed than would be 
required for German silver work — probably three times 
the surface. 

The battery power must be energetic, but not too 
intense. Two 4-gallon cells of the battery described at 
page 10 will be sufficient for objects of considerable size. 
Articles made of Britannia metal, &c., should not be 
disturbed while in solution. They may, however, be 
shifted now and then so as to expose a fresh surface to 
the anode, for the sake of causing uniformity of deposit, 
but it is not advisable to let the solution be agitated 
more than is absolutely necessary. This caution, he 'v- 
ever, is chiefly applicable to the period when the articles 
are first immersed in the bath. 

The goods may be prepared for plating by brush- 
ing them over with silver sand and water, with a 
moderately hard brush, instead of the powdered Bath 
brick used for other metals. The articles* may be 
cleansed from grease by placing them for a few 
minutes in a hot solution of caustic soda. 

If the articles, when they have been placed in the 
plating bath for a few moments, present an unequal 
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sand-bath until it is evaporated to dryness, when it 
may be again dissolved in cold water and filtered for 
use. Lastly, enough boiling distilled water is added to 
make one quart of solution, and a little additional cya- 
nide added if the solution is found to work too slowly 
at first — but it is better not to use more cyanide than 
is necessary, otherwise the anode will become rapidly 
consumed and the gilding be of a '' foxy *' colour. 

Solution II. Dissolve one and a half dwt. fine gold 
as before, and evaporate to dryness. Re-dissolve in 
half a pint of distilled water and precipitate the gold 
with ammonia, taking care not to add more ammonia 
than is necessary. Pour ofif the supernatant liquor and 
wash the precipitate as before. Now add sufficient 
cyanide of potassium to dissolve the precipitate. Evapo- 
rate to dryness, and re-dissolve with cold distilled water. 
The solution is then to be filtered, and distilled water 
added to make one quart. A little cyanide is to be 
added occasionally, ^as required. 

Solution in. Dissolve one dwt. and a half as before, 
and when the half pint of solution of chloride is obtained, 
precipitate the gold with hydrosulphate of ammonia. 
A copious black precipitate is formed, which must be 
allowed to subside, and this substance then washed as 
before directed. Dissolve the precipitate with a lump 
of cyanide — say about half an ounce, or rather less; 
and evaporate to dryness. Then add water to make one 
quart. 

Solution IV. Dissolve the same quantity of gold as 
before, but without evaporating the acid. Add a 
quantity of calcined magnesia, which will precipitate 
the gold in the form of an oxide. To the oxide add 
sufficient concentrated nitric acid (applying heat at the 
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same time) to dissolve the magnesiaj when the oxide 
will be left in the form of a precipitate^ which is to be 
well washed^ and then solution of cyanide added to 
dissolve it as before. Evaporate and make one quart 
of solution with distilled water. 

Solution V. Dissolve one ounce of cyanide of potas- 
sium in one quart of nearly boiling distilled water. 
About half fill a '^porous cell^' with the solution^ and 
stand it in the vessel containing the bulk of the solu- 
tion. Attach a piece of sheet copper to the wire issuing 
from the zinc of the battery^ and place it in the porous 
cell. Put a piece of sheet gold^ attached to the copper 
of the battery by a wirCj in the outer solution, and 
allow the whole to remain in action until the solution 
has acquired about one pennyweight and a half of gold, 
which may be ascertained by weighing the gold before 
and after immersion. The porous cell may now be 
removed and its contents thrown away. The solution 
is now ready for use. 

These solutions should be worked at a temperature 
of about 130^ F., with one cell of a constant battery. 

The solution of gold may be heated either in an 
enameled saucepan, or in a glass vessel placed in an iron 
pan containing water. The operator now proceeds to 
arrange his battery. The wire which issues from the 
copper of the battery is to be attached to a piece of fine 
gold, which may conveniently be done by soldering. 
The article to be gilt is to be suspended to the wire pro- 
ceeding from the zinc of the battery. 

Preparation of Articles to be Gilt. — Silver goods, 
such as cream ewers, sugar bowls, mugs, &c., should be 
well scoured inside with hot soap and water and silver 
sand, and if they are at all greasy, a little caustic soda 
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may be applied to them first. Or the mugs^ &c.^ may 
be well scratch-brushed and then rinsed with boiling 
water. The insides only of these yessels are generally 
required to be gilt^ in which case the outsides may be 
wiped dry before gilding. The negative wire (from the 
zinc of the battery) is to be attached to the handle of 
the vessel. The plate of gold is now to be carefully 

suspended in the centre 
of the mug^ taking care 
that it does not touch the 
vessel; and the gold solu- 
tion may be poured into 
the mug by means of a 
jug or other suitable ves« 
sel^ until it reaches the upper edge. If it is desired 
to gild the extreme edge^ the solution may be guided 
over it with a piece of wood or glass rod. In about 
five or six minutes the vessel will be sufficiently gilt^ 
when the anode may be removed, the negative wire 
detached, and the solution poured into the bath. The 
article is at once to be rinsed with hot water, and may 
be scratch-brushed and burnished in the ordinary way. 
When cream ewers, &c., are so constructed that the 
solution will not reach the lip, &c., without overflowing, 
it is advisable to slightly tilt the vessel so as to cover 
as much of it as possible, and when it is gilt the lip may 
be dipped into a little gold solution, being attached to 
tiie battery the while ; but in this case the outside of the 
lip will also receive a deposit. This may be prevented 
by coating the outer surface of the vessel with the com- 
position which we have already described, p. 59. Vessels 
which are to be gilt inside only, should be placed on a 
plate or dish to collect any solution which may run over. 
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Silver brooches^ pins^ rings^ thimbles^ egg^ salt and 
mustard spoons, &c.^ merely require to be scratch^ 
brushed before gilding. After they have received the 
required deposit^ they are again brushed^ and if the 
colour be a little too pale or too red^ the articles should 
be immersed in the bath again for an instant, and then 
plunged into boiling water^ when they will assume a 
beautiful fine gold colour. When well rinsed in hot 
water^ the articles are to be placed in box saw-dust^ 
which may sometimes be advantageously kept hot for 
this purpose^ in order to dry the goods as speedily as 
possible ; but care must be taken that the box-dust be 
not allowed to char or bum^ otherwise it will stain the 
articles. 

Goods which are made of copper or brass entirely, 
may be dipped into nitrous acid (^^ fuming nitric acid" 
or '* dipping acid ") for a moment, and instantly plunged 
into clean cold water; after which process they should 
be again rinsed in fresh water, and at once placed in 
the gilding bath. Or such articles may be merely 
scratch-brushed, rinsed, and then placed in the bath. 

If, when first put in the bath, copper or brass goods 
receive the deposit too quickly, the anode should be 
raised a little out of the solution, so as to expose a 
smaller surface, and the articles should be moved about 
a little, by which uniformity of deposit will be secured. 
In fact, it is advisable always to give the articles a gentle 
motion when first placed in the bath, until they have 
received a slight coating, when they may be allowed to 
remain steady until finished ; but when it is required 
to deposit a stout coating, it will be advantageous to 
move them occasionally^ to prevent the deposit taking 
place unevenly. 
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When goods are made of either copper or brass^ 
with mountings of another metal^ or if they have been 
previously plated or gilt, greater care must be observed, 
otherwise some parts will receive the deposit favourably 
while others will scarcely be coated at all. This applies 
more especially to goods which have mountings pewter- 
soldered upon them, which is frequently the case in 
common jewellery, tn this case all the surfaces will 
receive the deposit but the solder, which, being a bad 
conductor of electricity, and more electro-negative than 
the other metal to which it is attached, will receive the 
deposit but tardily, if at all. I have frequently found 
that the smallest speck of pewter solder which has 
happened to be upon a brooch which I had to gild, has 
compelled me to deposit at least three times as much 
gold as the article required before I could cover the 
speck of solder; and in many instances not even then 
would deposit take place upon the offending spot. 
Having tried to amalgamate the solder with the gilt 
surface by means of nitrate of mercury, nitrate of silver, 
and both combined and alternately applied ; and having 
scratch-brushed the tardy spot until I was heartily sick 
of pewter solder and everything which it contaminated, 
I at last hit upon a plan by means of which I have ever 
since been enabled to gild pewter solder with ease and 
certainty. I placed a single drop of an acid solution of 
sulphate of copper upon the solder spot, and then 
touched it with a piece of steel : in an instant the solder 
and surrounding suiface received a bright deposit of 
copper (which could be strengthened by repeating the 
operation several times). The moment the article was 
placed in the gilding bath the spot became coated ; in 
fact— copper being easier to gild than gold — this spot 
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received the deposit in preference, so that my difficult; 
was speedily and satisfactorily overcome. Many electro- 
gilders, I have no doubt, will find the above plan relieve 
them from a considerable amount of annoyance. 
Generally speaking, however, when the operator finds a 
difficulty in gilding pewter solder, it is owing to the 
bath requiring cyanide, or the exposure of a larger 
surface of anode ; or may be the battery power is weak. 

Instead of the above plan of coating pewter solder, 
the manipulator may put a drop of concentrated solu-r 
tion^f silver upon the solder, as before, and, on touch-* 
ing the part with a piece of fine wire the solder will 
be coated with silver in an instant. I prefer the 
former plan, however, since copper receives the deposit 
of gold more readily than silver. 

In gilding cheap jewellery, French and Birmingham 
fancy goods, and articles which are not required to 
have more than a coloured surface given to them, I 
have found it an economical plan to gild with a copper 
anode, and as the gold becomes exhausted from the 
solution, to add more gold from time to time, thus 
working from the solution instead of from the anode. 
By this arrangement, the operator is sure not to deposit 
more gold upon his work than is consistent with the 
scale of remuneration for doing the same. 

Generally, it is only necessary to scratch-brush this 
class of goods; then having rinsed them in boiling 
water, they are to be dipped into the solution for an 
instant ; a few seconds only being required to give the 
goods a beautiful colour. 

Silver filigree brooches, &c., must be well scratched, 
dipped in the bath for a moment and then rinsed and 
scratched again : on immersion in the bath the second 
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time they will become more uniformly gilt. The sar- 
face of anode must be adequate and the battery power 
brisk^ or the filigree work will not receive the deposit 
uniformly. The' solder of filigree work is generally 
the most troublesome to gild^ but if the current and 
other circumstances are favourable^ the deposit should 
take place all over at once ; a want of cyanide in the 
solution is a principal cause of difficulty in gilding 
filigree work. Gently moving the articles about in 
the solution^ greatly adds to the beauty and uniformity 
of the result^ if all other matters are favourable. ^ The 
solution for gilding filigree goods should contain rather 
more gold than that for ordinary work^ and the surface 
of anode exposed must be greater. 

Metal pins^ brooches^ rings^ &c.^ should be either 
'' dipped'' as before recommendedj or well scratch- 
brushed before gilding. This class of goods may be 
done on a large scale^ in a porcelain vessel like a 
colander^ suspended in the bath. The goods^ being 
placed in this^ merely require to be touched^ and 
occasionally stirred about by the negative pole of the 
battery^ so as to cover those parts which have been in 
contact with each other. 

Army accoutrement work^ sword-mountings^ &c., 
should first be prepared by cleaning with silver sand^ 
soap and water, applied with a hard brush. The article 
may then be scratch-brushed^ and placed in the bath 
until it has nearly acquired a sufficient coatings when 
it is to be removed^ rinsed in warm water^ and those 
parts which are required to be left dead, gently 
brushed over with powdered pumice or Bath-brick, 
The article is then returned to the bath and allowed to 
remain until finished. As soon as it has become 
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sufficiently gilt^ the plain surfaces may be scratch- 
brushed^ and then burnished. 

I have induced my workpeople to burnish gilt- work 
with four-penny ale^ instead of soap and water^ and it has 
been considered by them a great improvement^ since 
the burnisher seems to glide over the surface of the 
work with greater ease and smoothness^ more especially 
when the gilding has been what is termed '* hard '* or 
" scratchy." Vinegar has sometimes been applied to 
this purpose^ but not^ I think^ with such success. 

In gilding German silver^ the solution may be 
worked at rather a lower temperature, the solution 
weakened^ and a less surface of anode exposed. 
Oerman silver has the power of reducing gold from its 
solution in cyanide (especially if the solution be strong) 
without the aid of the battery; as also will brass 
receive a coating of silver in the plating-bath without 
the use of the current, therefore the solution should 
be weaker — in fact, so weak that the German silver will 
not deposit the gold per se ; otherwise the deposit will 
take place so rapidly that the gold will peel off when 
being burnished, or even scratch-brushed. 

When iron or steel goods are to be gilt, they should 
be first rendered free from grease, by being immersed in 
a solution of caustic soda or potassa ; they are then to be 
well scratch-brushed — in fact, until they have acquired 
a slight coating of brass, from the wires of the brush. 
If sour beer is used for this purpose it will greatly 
facilitate the operation. The article should then be 
placed in the bath for an instant, then well scratch- 
brushed and dipped again. The solution employed for 
iron or steel should be much weaker than for any other 
metal. I would recommend the following : — 
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Ordinary aolation 4 fluid oonom. 

Water 20 „ 

Cyanide of potaaBiom, about ... 2 drachma. 

This solution may be worked rather warm^ but not so 
hot as the ordinary solution. Weak battery power 
should be employed^ and small surface of anode^ and 
deposition must be allowed to take place very slowly 
at first. 

By scratch-brushing iron or steel articles with 
vinegar or dilute hydrochloric acid^ a very good and 
adhesive coating of copper may be obtained upon the 
surface of the article^ but the employment of the latter 
must be done with caution or the operator's clothes may 
be injured ; a few drops of acid^ however^ to the pint of 
water is all that will be required. 

The best method of preparing steel or iron articles 
for gildings is to coat them with copper or brass in the 
same way as that recommended for plating these 
metals. Many steel articles, which only require a 
trifling deposit of gold, may be gilt without any further 
preparation than merely rinsing them in hot water. 
The articles then receive a momentary dip in the bath, 
and, being sufficiently gilt, are rinsed in hot water and 
dried quickly in hot box-dust, or in an oven. 

Steel surgical instruments must be gilt with great 
care, in order that the edges be not rendered blunt 
by the operation. These articles should be placed in 
the bath without any preparation, as coating them with 
copper or brass, and then gold, may involve too much 
handling. A slight deposit is all that is necessary to 
protect the steel instrument from rust or corrosion. 

Steel or iron keys should be first well scratch-brushed, 
lipped into the bath for a moment, and then brushed 
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again; lastly^ allowing them to remain in the bath 
until sufficiently coated. These may be finished either 
by burnishing or polishing. 

ELBCTBO-DBPOSITION OF BRASS AND BRONZB. 

It is far more difficult to deposit an alloy of two or 
more metals than one only ; and this difficulty becomes 
greater when we require to deposit^ as an uniform alloy, 
two metals whose electrical conditions are of an oppo- 
site character^ as zinc and copper. From a solution 
consisting of zinc and copper in the proportions to form 
ordinary brass^ it is easy to deposit the zinc alone, or 
the copper alone, by increasing or diminishing the 
power of the current, or by raising or lowering the 
anode; that is to say, by increasing or diminishing the 
surface of anode exposed to a given surface of object to 
be coated. 

The difficulty in regulating all circumstances, so that 
an uniform result might be obtained by the operator, 
and so that the process of electro-brassing might be 
depended upon, has, in many instances, caused this 
aseful art to be abandoned altogether by the manu- 
facturer. 

Many processes of electro-brassing have been pub- 
lished and patented in this country and on the 
continent, but all of them have the disadvantage of 
being more or less troublesome and uncertain to 
manage, even though the operator be a person well 
skilled in electro^^deposition. But I think that several 
of these processes may be rendered commercially 
valuable if the solutions in the first instance are mixed 
by persons acquainted with chemical laws. Again, 
there would be less liability to failure, if the power of 
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the current employed was always regulated by the 
surface of goods to be coated ; the amount of anode, 
also, being regulated by the same. If, on the contrary 
the battery-power be too weak, or in excess, either the 
copper on the one hand, or the zinc on the other, will 
be deposited alone. 

In giving the various processes of electro-brassing^ 
I may inform the reader that several of them are 
patented, and consequently cannot be employed for 
commercial purposes without the permission of the 
respective patentees. 

I. De Salzede'8 Patent Processes. 

L 

Cyanide of potaniixm 12 parts. 

CSarbonate of potaisa 610 „ 

Solphate of zinc 48 „ 

Chloride of copper 25 „ 

Nitrate of Ammosia 805 „ 

Water 5000 „ 

Dissolve the cyanide of potassium in 1 20 parts of the 
quantity of water above specified, and then dissolve the 
carbonate of potassa, sidphate of zinc, and chloride of 
copper in the remaining water, raising the temperature 
to about 150^ F. ; and as soon as the salts are well 
dissolved add the nitrate of ammonia, frequently 
stirring until the latter is dissolved. The solution may 
now be allowed to stand for a few days, in order that 
the sediment formed may become precipitated, when 
the clear liquor is to be drawn off, and is ready for use. 

II. 

Qfaaide of potaaiinm 50 parti. 

Carbonate of potasia ..... 500 ,, 

Sulphate of sine 85 „ 

Chloride of copper . • • • • • 15 „ 

Water 5000 ,, 
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This solution may be made up in the same way as 
No. 1. 

3. Bronzing solution. 

This solution is the same as No. 1, excepting that 
25 parts of chloride of tin are used instead of the 
sulphate of zinc. 

4. Bronzing solution. 

In this solution 12 parts of chloride of tin are era« 
ployed instead of sulphate of zinc in the second brassing 
solution. This latter solution Salzede works at a tem- 
perature not exceeding 97° F. 

The above solutions are to be worked with a brass 
anode^ and with an active battery of two or more cells 
— Bunsen^s battery being preferable to any other. 
The current of electricity employed in electro-brassing 
must have a brisk intensity — ^the quantity also .being 
considerable. 

The above solutions work very well at first, but they 
soon get out of order, owing to the irregular action of 
the cyanide upon the brass anodes, which readily 
attacks the copper, whilst the zinc frequently remains 
upon the surface of the anode in the form of a white 
paste. Hence the character of the solution soon 
becomes altered. 

n. Brass Solution. 

Acetate of copper . . . . . 5 onnces. 

Potaasa H pounds. 

Solpbate of nnc 10 ounces. 

Liquid ammonia \ 1 quart. 

Qyanide of potaBsium 8 ounces. 

Dissolve the acetate of copper, which should be pre- 
viously pulverised, in half a gallon of water. Add 
1 pint of the liquid ammonia, and then dissolve the 
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sulphate of zinc in 1 gallon of water^ the temperature 
of which should be raised to about 180® P. When 
the zinc is dissolved^ add the remaining pint of liquid 
ammonia to the solution^ which should be well stirred 
immediately^ in order to insure its perfect mixture with 
the sulphate of zinc. 

Dissolve the potash in one gallon of water. Lastly, 
dissolve the cyanide of potassium in one gallon of hot 
water, and then mix the ingredients in the following 
order : — ^The solution of copper to be added to that of 
zinc; now add the solution of potash and cyanide. 
Stir the whole well together, and allow the mixture to 
digest for an hour or so, stirring occasionally. Add 
water to make altogether 8 gallons of solution. 

The above solution must be worked with active 
battery-power and a brass anode — ^milled brass being 
preferable. The anode should be well cleaned before 
immersion. A little liquid ammonia may be added 
from time to time, and also a small portion of cyanide 
when the solution works slowly. The anode must be 
kept clean. I have also found it advantageous to add 
a little arsenious acid to the solution, which improved 
the character of the deposit, by rendering it brighter 
and less crystalline. The arsenious acid, however, does 
not at first appear to make much difference, but after a 
while tlie improvement becomes manifest. I generally 
apply the arsenic by mixing it with a strong solution of 
cyanide of potassium. About one ounce to the above 
solution will be sufQcient at first, and the quantity may 
be increased by degrees. 

UI. 

Aoetate of copper 10 pounds. 

,, zino 1 pound. 

,f potassa ..... lOpooudii. 



BEONZE SOLUTIONS. 7d 

Dissolve the above substances iu 5 gallons of hot 
water^ and add cyanide until a precipitate is formed^ 
which, upon adding more cyanide^ becomes again dis* 
solved. An excess of cvanide must be added. The 
patentees of this process (Messrs. Russell & Woolrich) 
use either a brass anode, or one of brass and another 
of copper at the same time. 

IV. Bronze Solution of M. Brunei & Go. 

Chloride of copper 1 pound. 

Carbonate of potassa 25 pounds. 

Sulphate of zinc 2 „ 

Nitrate of ammonia 12^ f, 

The chloride is to be dissolved in half a gallon of 
water ; the carbonate of potassa in 6 gallons of water ; 
the sulphate of zinc is to be dissolved in half a gallon 
of hot water. These three solutions are to be mixed 
together. Now add the nitrate of ammonia, and blend 
them all together by stirring well for a few minutes. 
Make about twenty gallons, by adding cold water. 

This solution is to be worked in the same way as 
either of the above. 

The above solution much resembles M. Salzede's 
process, and is prone to get out of order owing to the 
fact that the anode does not supply the solution with 
metal as fast as it is deprived of it by the articles 
coated. Unless the solvent employed will readily attack 
and dissolve the zinc of the anode, the solution must 
soon lose its proportion of this metal. The liquid am- 
monia used in one of the above processes seems to 
effect this more satisfactorily than an excess of cyanide. 
I have invariably found that in any of the above pro- 
cesses, the employment of a liberal amount of liquid 
ammonia has kept the anodes clean, and enabled the 

a 2 
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solution to give better results in every respect. The 
white salt of zinc formed upon the surface of the anode 
is soluble in this menstruum, but sparingly so in cyanide 
of potassium. The ammonia and cyanide being in the 
solution in abundance^ will keep the anode clean, without 
which the action soon ceases altogether. 

V. Newton'8 Process consists in forming solutions 
for depositing alloys of copper, tin and zinc, and also, 
for depositing brass and bronze. 

The patentee mixes chloride of zinc with chloride of 
ammonium, sodium, or potassium dissolved in water. 

Acetate of zinc in solution mixed with acetate of am- 
monia, potassa, or soda. 

In making up a brassing solution, Newton adds to 
either of the above solutions a proportion of a corre- 
sponding salt of copper — for instance, with the acetate 
of zinc he would unite the acetate of copper, and so on. 
He employs various other salts of zinc, with the corre- 
sponding copper salt, for the same purpose. 

In making a bronzing solution Mr. Newton dissolvesthe 
double tartrate of copper and potassa, and double tartrate 
of the protoxide of tin and potassa, with or without the 
addition of caustic potassa. He deposits an alloy of 
zinc, tin and copper, by using a solution composed 
of the following substances : — double cyanide of copper 
and potassium; zincate of potassa and stannate of 
potassa; the zincate of potassa he forms by fusing 
oxide of zinc with caustic potassa, and the stannate of 
potassa either by fusing oxide of tin with caustic potassa, 
or by dissolving it in a solution of potassa. 

For an electro-brassing solution the patentee employs 
a solution composed of a given quantity of oxide of 
copper, dissolved in an excess of cyanide of potassium ; 



BBABBINa SOLUTIONS. 77 

oxide of zinc and a little liquid ammonia are then 
added, and the solution heated to 120° Fah., to 140° Fah. 
Water is then added, in sufficient quantity to allow the 
solution to contain about 3 oz. of the oxides to the 
gallon — i, e,y % of zinc to 1 of copper to form brass. 

VI. Brassing Solutions. 

I. 

Cyanide of potasrium • 1 pound. 

Carbonate of ammonia 1 »i 

Cyanide of copper ••.... 2 ounoei. 

y, zinc 1 ounce. 

Dissolve in one gallon of water. The temperature to 
be raised to 150° Fah. 

IL 

Cyanide of potaaaom ••.... 1 pound. 
Carbonate of ammonia 1 i > 

Dissolve in one gallon of water. Attach a large brass 
anode to the positive wire of a battery^ and apply a 
small surface of cathode or negative electrode — say a 
strip of brass. The temperature should also be 150° Fah* 
By this arrangement the anode dissolves^ supplying the 
solution with metal. The exact quantity which the 
solution has taken up may be ascertained by weighing 
the anode before and after immersion. 

711. Brunei gives another formula for a brassing 
solution : — 

Carbonate of potassa 10 pounds. 

Cyanide of potassium ... 14 pound. 

Sulphate of dnc ^i i> 

Chloride of copper 10 ounces. 

Water •••*.... 12^ gallons. 

The best way of making up the above solution is to 
dissolve all the ingredients in separate vessels ; then to 
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add to the sulphate of zinc and chloride of copper a 
portion of the solution of carbonate of potassa. Now 
add suflBcient liquid ammonia to dissolve the respective 
precipitates at first formed^ when the solution of 
cyanide and the remainder of the carbonate of potassa 
may be poured in^ and water added to make altogether 
12^ gallons. This solution must be worked with a 
large brass anode, and a brisk battery of two or more 
Bunsen's cells. The solution should stand for some 
hours before using it, when it may be separated from 
any sediment which may remain at the bottom of the 
vessel in which it is made. 

The above solution will require to be replenished 
from time to time with a little cyanide of potassium 
and liquid ammonia, in order to keep the anode free 
from the white ^alt of zinc, which would othenrise form 
upon its surface. Arsenious acid improves this solu- 
tion ; and I have found that a little chloride of tin, 
dissolved in caustic potassa, tends to toughen the 
deposit. 

Iron, lead, zinc, tin, and alloys of lead, &c., will not 
all receive an equally good coating of brass if placed in 
the bath at the same time. No two metals of diflFerent 
characters should be immersed together ; and, indeed, 
different solutions should be employed for each metal 
or alloy. 

Cast iron requires a solution containing a greater 
per-centage of metal than zinc or its alloys ; whilst 
zinc will receive a good deposit when but little metal is 
in the bath. Lead also requires to be coated in a bath 
which is richer in the metals. 

In immersing in the bath two different metals, as 
cast-iron and zinc for instance, the zinc would receive 
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the deposit at o;ice, whikt the iron would not receive 
the smallest amount of deposit, and in striving to force 
the metal on the iron surface the operator may impair 
his solution. Even cast- and wrought-iron require to 
be coated in diflTerent baths. By observing this rulCi 
the solutions are not so liable to get out of order. 

Again, iron and zinc require different degrees of 
battery-power to effect a good deposit upon them. A 
battery which would coat zinc well would not cause the 
least deposit to take place upon cast-iron. 

Electro-brassing Cast-iron work.— In preparing 

cast-iron work for the brassing bath, it will be necessary 
first to make up a " pickle '^ of the following : — 

Salphuric acid •••.... 1 pound. 

Water 20 pounds. 

The article is placed in the pickle, and allowed to 
remain until the oxide of iron has become loosened 
from the surface of the article, in other words, until a 
brush and sand will easily remove the oxide. If at 
any time the oxide is found to adhere firmly to the 
cast-iron surface, the pickling process must be con- 
tinued until it yields readily to the brush. 

When the work is very rusty, it may be first placed 
in a pickle composed of — 

Hydrochloric acid 1 ponnd. 

Water 20 poonds. 

and any parts which may have a thick coating of ruM 
may be cleaned by applying strong hydrochloric acid to 
the part, which readily dissolves the rust. It is bettei 
to remove the rust, as suggested, before immersing the 
whole article in the first pickle. Generally speaking, 
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from an hour to an hour and a half is sufficient time to 
remove the oxide of iron in the pickling bath. 

As soon as the articles are pickled, they are to be 
well rinsed, and are then to be laid on a board, placed 
over a vessel of water, called the " cleaning-board,'* and 
are to be thoroughly cleaned with a hard brush, sand, 
and water until the oxide is completely removed. The 
article is then to be rinsed in clean water, and may be 
placed in a weak solution of potash or soda. It is now 
ready for the bath, in which it may be suspended by a 
stout copper wire connected with the negative electrode 
of the battery. 

For most purposes I prefer using two cells of a 
Bunsen's battery, consisting each of a cylindrical stone 

jar. A fitted with a cylinder of zinc, 
C, which must be well amalgamated 
and a copper wire attached to it. A 
porous cell B is placed in the centre, 
and a bar of carbon D is put into the 
cell, which is then filled with con- 
centrated nitric acid. Into the outer 
cell is poured a solution of sulphu- 
ric acid, consisting of about 1 part 
of acid to 20 of water. A binding- 
screw is attached to the carbon, and a stout copper 
wire, which is to be soldered to a brass anode. 

When the article has been immersed in the solution 
for a few minutes, a white foam will show itself at the 
point of the wire, in most instances, and frequently 
bubbles of gas will be seen to rise in various parts of 
the solution. In electro-brassing, generally, but little 
deposition takes place unless there is the evidence of 
chemical action alluded to. - 
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As soon as the article has received the required 
coating — which, for ordinary purposes^ may be accom- 
plished in about two hours, with two cells of the 
battery just described, holding about four gallons in 
each jar — ^it is to be at once rinsed in hot water and 
then placed in hot saw-dust. For this purpose maho- 
gany saw-dust answers very well. When thoroughly 
dry, if it is required to bronze it, the article should be 
rubbed over with a leather and a little powdered pumice 
or whitening, in order to brighten those surfaces which 
are to look bright when the work is complete. Instead 
of bronzing it, the article may be cleaned and lacquered. 
The bronzing process is described at page 37, 

Electro-brassing Wrought Ironwork. — It is more 

easy to electro-brass wrought than cast ironwork, 
as it is less porous, and is in general much more smooth. 
The goods may be first pickled in the sulphuric acid 
pickle-bath, and then cleaned with a brush, sand, and 
water. The solution in which wrought ironwork is 
brassed need not contain quite so much metal as that 
for cast iron, and it generally does not require the 
exposure of so great a surface of anode. 

When the goods are placed in the bath, if the deposit 
appears of too red a hue, rather more anode must be 
exposed ,* if, on the other hand, the work is pale, less of 
the anode should be immersed. The surface of anode 
will generally regulate the colour of the deposit. 
Wrought iron receives the deposit more readily than 
cast iron, consequently it need not remain in the bath 
quite so long as the latter. 

Electro-brassing Articles of Zinc. — Goods of this 

description should first be placed for a quarter of an 
hour or so in a pickle consisting of: 

B 3 
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the white appearance referred to, liquid ammonia or 
cyanide, or both, must be added, otherwise copper only 
will be deposited. 

Sometimes the bath will become deprived of both 
zinc and copper, in consequence of the anode not keep- 
ing up the supply in the solution. When this is the 
case, a strong solution of brass should be added to the 
bath : in fact, a supply of concentrated brass solution 
should always be kept on hand to be thus employed in 
case of emergency, for the best solutions are apt to 
become deprived of metal after being worked a good deal. 

Electro-deposition of Platinum.— A solution of pla- 
tinum may be made by dissolving a piece of the metal in 
two parts of hydrochloric acid and one part nitric acid, 
over a sand bath. The acids must both be very strong, 
or the metal will not yield to their action. When the 
platinum is dissolved, the acid should be expelled in the 
same way as that recommended in forming the chloride 
of gold. A reddish mass will be obtained, which is the 
chloride of platinum. A little distilled water is now 
added to dissolve the chloride, into which put a small 
lump of cyanide, which will at first precipitate and then 
re-dissolve the platinum. The solution should have 
about five dwts. of metal to the quart. In working it, 
the solution should be warm. It is better, however, to 
filter before using the platinum solution, to remove the 
impurities with which the cyanide is contaminated. 

The battery power employed for depositing platinum 
should be rather weak, or the metal will be thrown 
down in the form of a black powder, possessing but 
little resemblance to the metal itself. 

As a platinum anode will not be acted upon by the 
cyanide, the solution will, of course, soon yield the metal 
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of whicli it was composed ; therefore, it will be necessary, 
from time to time, to add fresh chloride of platinum to 
keep it in working order. If it is desired to coat an 
article strongly with platinum, it will be necessary to 
keep on adding chloride of platinum to the solution 
every now and then while deposition is going on, until 
the object is accomplished. This of course renders the 
process of electro-platinising not only expensive but 
tedious ; and, for general purposes, impracticable. The 
cyanide will hold but a small quantity of platinum in 
solution. 

Palladium may be somewhat more readily deposited 
from its solution than platinum. The metal is to be 
dissolved in nitro-hydrochloric acid in the same way 
as above. The solution is next to be treated with cya- 
nide, which will precipitate the metal, and finally re- 
dissolve it. The solution may be worked warm. 

The palladium anode will be acted upon by the 
cyanide, consequently the operator may deposit the 
metal to any desirable extent. There is, however, but 
little importance attached to the deposition of this 
metal. 

Lead. — A solution of lead for the purposes of electro - 
deposition, may be formed by dissolving the acetate 
or nitrate of lead in water. By employing the solution 
in a rather weak state, with moderate battery power, 
lead may be deposited with ease, but the deposit from 
these acid solutions is of a very indifferent quality. An 
alkaline solution may be made by precipitating the lead 
irom either of the above solutions, either with soda, 
potassa, or ammonia, and then re-dissolving with cya- 
nide, but the solution is only fit for experim^ental 
purposes. 
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Electro-deposition of NickeL— Since the first 

publication of this work, the deposition of nickel has 
become an important branch of the electro-metallurgic 
art ; and, doubtless, the credit of its extensive develop- 
ment is due in a great measure to Mr. Adams, of 
Boston, Massachusetts, whose patent, dated October 28, 
1869, was purchased, and is now being extensively 
worked, by the "Plating Company, Limited/' Mr. 
Adams, taking advantage of the valuable suggestion of 
M. Boettger, published in 1843, employs the double 
sulphates of nickel and ammonium, and the double 
chlorides of nickel and ammonium, in forming his solu- 
tion-baths. 

The following abstracts from Mr. Adams* specifica- 
tion will be interesting to those who desire to become 
acquainted with the deposition of this useful metal : — 

" It has long been well known that nickel possesses 
certain qualities which render it of great value in the 
arts, if it could be readily and surely deposited by the 
battery in such a manner as to make these qualities 
available. These qualities are, first, infusibility ; second, 
its colour, which is nearly that of silver; third, its 
hardness, which is nearly equal to that of steel; and by 
reason of which it resists wear and abrasion to a much 
greater degree than silver ; fourth, its power of resist- 
ing oxidation and the tarnishing and corrosive effects 
of many gases and liquids. The two last-named quali- 
ties render it, for many purposes, greatly superior to 
silver, which it much resembles in appearance, for 
electro-plating other metals, and for making articles 
of solid metal. To these advantages should be added 
its cheapness as compared with silver. 

" The inventor has discovered the causes of certain 
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difficulties in the practical deposition of this metal, and 
is- able to remove them, and to point out methods of 
preparing solutions, and the conditions which they 
must satisfy, and under which they must be used, so 
that a solid, coherent, tenacious, and flexible nickel 
can be deposited to any desired amount. He can thus 
render the electro-deposition of nickel practically valu- 
able, not only for electro-plating upon other metals, 
but for that branch of the art of electro-deposition 
known as electrotyping ; that is, the deposition of 
nickel upon a surface, not to remain upon it as a per- 
manent coating, but to be removed and used indepen« 
dently of it." 

Mr. Adams thus describes his process for making a 
solution-bath with the double sulphate of nickel and 
ammonium : — 

. " In preparing this solution the inventor prefers to 
use pure nickel, but commercial nickel may be used* 
Commercial nickel almost always contains more or less 
of the reagents employed in the purification or manu- 
facture of the metal, such as sulphate of lime, sulphide 
of calcium, sulphide of sodium or potassium, chloride of 
sodium, and alumina. When any of these substances 
are present, it is necessary to remove them. This can 
be done by melting the nickel, or by boiling it in water 
containing at least one per cent, of hydrochloric acid. 
The boilings must be repeated with fresh acid and 
water until the wash- waters give no indication of the 
presence of lime when treated with oxalate of ammonia. 
When the metal is purified by melting, the foreign 
substances collect on the top of the melted metal in the 
form of a slag, which can be removed mechanically. If 
the nickel contains zinc, it should be melted, in order 
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to volatilize the zinc^ and drive it off. The crucible in 
such case must not be closed so tightly as to prevent 
the escape of the zinc fumes. If copper, arsenic, or 
antimony is present in the nickel, it can be removed 
after the nickel is dissolved by passing sulphuretted 
hydrogen through the solntion. The acid to be used 
in dissolving the metal consists of 1 part strong 
nitric acid, 6 parts mnriatic acid, and 1 part water. 
Nitric acid or muriatic acid may be used separately, 
but the above is preferred. A quantity of this acid is 
taken, sufficient to dissolve any given amount of the 
metal, with as little excess of the former as possible ; a 
gentle heat is all that is required. The resulting solu- 
tion is then filtered, and to prepare the solution of the 
double sulphate of nickel and ammonium, a quantity of 
strong sulphuric acid, sufficient to convert all the metal 
into sulphate, is added, and the solution is then evapo- 
rated to dryness. The mass is then again dissolved in 
water, and a much smaller quantity than before of 
sulphuric acid is added, and the whole again evaporated 
to dryness, the temperature being raised finally to a 
point not to exceed 650" F. This temperature is to 
be sustained until no more vapours of sulphuric acid 
can be detected. The resulting sulphate of nickel is 
pulverised, and thoroughly mixed with about one- 
fiftieth of its weight of carbonate of ammonia, and the 
mass again subjected to a gradually-increasing tempe- 
rature, not to exceed 660° F., until the carbonate of 
ammonia is entirely evaporated; If any iron is present 
the most of it will be converted into an insoluble salt, 
which may be removed by filtration. The resulting 
dry and neutral sulphate of nickel is then dissolved in 
water by boiling, and, if any insoluble residue remains. 
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the solution is filtered. From the weight of nickel 
used before solution^ the amount of sulphuric acid in 
the dry sulphate can be calculated. ^ This amount of 
sulphuric acid is weighed out and diluted with four 
times its' weight of water, and saturated with pure 
ammonia or carbonate of ammonia— the former is pre- 
ferred. This solution, if it is at all alkaline, should be 
evaporated until it becomes neutral to test-paper. The 
sillphate of ammonia of commerce may likewise be used, 
but pure sulphate of ammonia is to be preferred. The 
two solutions of the sulphate of nickel and sulphate of 
ammonia are then united, and diluted with sufficient 
water to leave one and a half to two ounces of nickel to 
each gallon of solution, and the solution is ready for 
use. The object of twice evaporating to dryness, and 
raising the temperature to so high a degree, is, in the 
first place, to drive off the excess of sulphuric acid ; 
and, secondly, to convert the sulphate of iron, if it 
exists, into basic sulphate, which is quite insoluble in 
water. 

" In order to give the best results, it is necessary 
that the solution should be as nearly neutral as pos- 
sible, and it should in no case be acid. The inventor 
prefers to use the solution of a specific gravity of about 
1,052 (water 1,000), though a much weaker, or a still 
stronger, solution may be used. At temperatures above 
the ordinary, the solution still gives good results, but 
is liable to be slowly decomposed. An excess of sul- 
phate of ammonia may be used to dilute the solution 
in cases where it is desirable to have it contain much 
less than an ounce of nickel to the gallon. 

"In preparing the solution of double chloride of 
nickel and ammonium, the nickel is to be purified and 
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dissolved iu the same manner as is described for tke 
previous solution, and it is to be freed from copper and 
other foreign matters in. the same manner. The solu- 
tion is then to be evaporated to drjmess ; it should 1)e 
made as nearly anhydrous as possible. The salt is then 
placed in a retort, and heated to a bright red heat. 
The salt sublimes, and is collected in a suitable re- 
ceiver, the earthy matter being left behind. The salt 
thus purified is dissolved in water, and to the solution 
is added an equivalent quantity of pure chloride of 
ammonium. The solution is then ready for use ; it may 
have a specific gravity of 1,050 to 1,100." 

Another part of Mr. Adams* patent relates to the 
preparation of the anodes to be used in depositing 
uickeL He combines iron with nickel in forming the 
anodes, and by this means he believes that any copper 
which may be present in the nickel is precipitated by 
the iron, or becomes deposited upon the anodes, from 
which it may be removed by scraping. Another motive 
for adding iron to the nickel is that it renders the latter 
more readily fusible. 

A very simple way of making a solution of nickel 
for ordinary purposes, and which, with care, will give 
very good results, is the following : — Take, say, 2 ounces 
of pure nickel, dissolve in hydrochloric acid, taking 
care not to have an excess. A gentle heat will assist 
the operation. When dissolved, dilute the solution 
with 1 quart of cold water. Now add ammonia, gradu- 
ally, imtil the solution is quite neutral to test-paper. 
Next, dissolve 1 ounce of sal-ammoniac (chloride of 
ammonium) in water, and mix this with the former 
solution. Lastly, add cold water to make 1 gallon of 
solution. 
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The double sulphate of nickel and ammonium may be 
simply formed by dissolving say 2 ounces of nickel in 
1 part sulphuric acid, and 2 parts water, a gentle heat 
being employed until all the metal is dissolved. The 
solution is to be diluted, and neutralised with ammonia 
as before. Next take 1 ounce of carbonate of ammonia 
and dissolve ; add to this, carefully, sulphuric acid 
until the solution ceases to be alkaline to test-paper. 
It must not, however, be acid on any account. This 
solution of sulphate of ammonia is to be added to the 
solution of sulphate of nickel, and sufficient cold water 
added to make 1 gallon of solution. 

Both of these solutions should be filtered before using, 
or allowed to stand until perfectly clear, when they 
may be carefully decanted. One Bunsen battery will 
be found sufficient for coating small articles. 

In preparing articles to be coated with nickel, it is 
absolutely necessary that they should -be thoroughly 
clean. It is even more important that cleanliness 
should be observed in nickel-plating than in gilding or 
silvering, and for this reason — the cyanide of potassium 
in the ordinary plating-bath would have a tendency to 
dissolve any trifling amount of greasy matter commu- 
nicated by the hands, for instance, whereas the nickel 
solutions would not have that power. Extreme clean- 
liness, therefore, must be observed in preparing work 
for the nickel-bath. Again, it is important that all 
interstices should be well looked after, and every speck 
of dirt removed before the articles are placed in the 
bath. It is also advisable to put the articles in the 
solution immediately after they have been properly 
prepared, for if they are allowed to remain; even for a 
few moments, either in contact with the air or to lie 
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for a time in tlie rinsing-bath, they are apt to become 
coated with a film of oxide, which is quite sufficient to 
render the nickel liable to strip or blister when bur- 
nished or even polished. 

The Chairman of the Plating Company, at the 
author's request, has kindly forwarded to him a speci- 
men of nickel deposited at the Company's works ; it is 
a thoroughly good reguline deposit, uniform in surface, 
and susceptible of a high polish. The thickness of the 
specimen shows that the Plating Company does its 
work conscientiously, and not merely to look but to 
wear well. Considering the hardness of this metal, 
goods coated with nickel of the thickness of the speci- 
men referred to would possess almost everlasting dura« 
bility in the hands of ordinarily careful persons. The 
great success which the Plating Company has attained 
is, no doubt, due to the excellent quality of its work, 
and the liberal amount of metal which each article 
receives before it is returned to the customer. The 
mistaken policy of competition which has induced many 
manufacturers to give a mere film of deposit upon their 
work — ^by which the goods assume a virtue which they 
do not possess — does not appear to have been adopted 
by this Company, for which it deserves all credit. 

Tin. — Some of the salts of tin are soluble in liquid 
ammonia, caustic potassa, or caustic soda, and the 
metal may be deposited from either of these solutions : 
a little cyanide favours the rapidity of the deposit. Tin 
may also be deposited from an acid solution, the proto- 
chloride for instance, and a very beautiful effect is 
produced by bringing the auode and cathode within 
an inch of each other, in which case a fine mass of 
crystals of tin will start out from the negative pole. 
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approach the positive pole, and gradually assume many 
beautiful and eccentric forms. The . slightest motion 
causes the crystals to fall from the electrode. 

Zinc. — Many persons have tried to deposit this metal 
from acid solutions — more especially from a solution of 
the sulphate — ^but for all practical purposes the pro- 
cesses have been a failure. The principle of depositing 
metals upon each other in an acid solution is bad, 
owing to the fact that the metal, when coming in con- 
tact with the acid solution, generally becomes acted 
upon without the aid of the battery. 

In 1855 1 patented a process for depositing zinc from 
an alkaline solution, which gave exceedingly beautiful 
results, and the metal deposited thereby was tough, 
reguline, and otherwise well suited to many practical 
purposes. As I believe the process is susceptible of 
many practical appUcations, it will he found fully 
described in the subjoined 

SPECIFICATION. 

My Invention consists, firstly, in forming a solution 
for the purpose of coating iron or steel with zinc by 
galvanic agency. To form the solution I proceed as 
follows : — ^I dissolve 200 ounces of commercial cyanide 
of potassium in twenty gallons of water (rain-water or 
distilled water being preferable) in a suitable vessel; 
I then pour into this solution 80 ounces by measure of 
strong liquid ammonia (of the specific gravity of '880 I 
prefer). Having stirred these compounds together, 1 
place several large porous cells, such as those used 
in Daniell's batteries, in this solution, and pour 
into each of the porous cells as much of a strong 
solution of a cyanide of potassium (say, about 1 6 ounces 
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to the gallon) as irill be equal to the height of the 
KulutioD in the larger ressel; I then attach several 
X>ieoe8 of metal, copper or iron by preference, to pieces 
of copper wire, which are then to be attached to the 
negative pole of a galvanic batteiy. These pieces of 
copper or iron are to be placed in the porous cells. I 
next attach a piece or several pieces of zinc to the 
positive pole of the battery, and I then immerse these 
pieces of zinc in the solution of cyanide of potassium 
and ammonia. For the above purpose I prefer using 
good milled zinc, the weight of which is to be ascer- 
tained before immersion; and I think it better to 
'^ pickle '' the zinc slightly, previous to immersion in 
the cyanide solution, with dilute hydrochloric acid, after 
which process it should be well rinsed in clean water. 
The galvanic battery is now to be set in action, and 
allowed to continue in action on the above materials 
until the solution of cyanide of potassium and ammonia 
has taken up about sixty ounces of zinc, that is to say, 
about three ounces to the gallon of solution. 

As soon as the pieces of zinc have been weighed to 
determine the amount dissolved into the cyanide solu- 
tion, I dip them into dilute hydrochloric acid, and then 
rinse them, when they are placed aside for future 
operations, if necessary ; the porous cells are then to 
be removed. I now dissolve 80 ounces of a carbonated 
alkali (I prefer the carbonate of potassa) in a portion of 
the above solution, and when dissolved I add it to the 
original solution, and stir the whole together for a few 
moments, after which I allow the solution to stand 
undisturbed until the sediment formed has subsided ; I 
then transfer the clear solution to another vesse*, when 
it is ready for use. 
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The above solution may be made in a more concen- 
trated form^ say^ with half the quantity of water, and 
it may be diluted down to the required strength by 
adding more water when wanted to be worked. I 
prepare cast or wrought iron or steel to be coated with 
the above solution in the following manner, having 
first made a pickle composed of, — 

Salphnrio acid 1 ponnd. 

Hydrochloric acid . . . . . in 
Water 2 gallons. 

The articles to be coated are first plunged into the 
above pickle, and allowed to remain until the oxide of 
iron is easily removable with a brush, sand, and water. 
As soon as the articles are sufficiently pickled, they are 
to be rinsed in clean water, and are then to be cleaned 
with a hard brush, sand, and water ; and any oxide which 
may not have been quite removed by the pickle may be 
scraped or otherwise removed, or the article be returned 
to the pickling bath until these parts yield to the brush 
and sand ; or the iron or steel may be cleaned by the 
processes ordinarily used at the ''galvanised iron works.'* 
When the articles to be coated are quite free from oxide, 
they are to be well rinsed in clean water, and immedi- 
ately placed in the zincing bathj in connection with the 
negative pole of the battery. 

As soon as the articles have received a slight coating 
they should be removed from the bath and examined, 
in order to ascertain if there are any parts remaining 
unclean, in which case those parts should be cleaned, 
and the whole article once more brushed all over as 
before and then returned to the bath, where it is to 
remain until sufficiently coated. It is as well, however, 
to move the article about in the solution occasionally. 
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in order to insure an uniform deposit. As soon as the 
articles are sufficiently coated they are to be removed 
from the bath and rinsed in clean water (hot water being 
preferable), and they may then be placed in saw-dust to 
dry them. The articles may be rendered bright either 
by means of the scratch-brush, or by gently scouring 
with silver sand, water, and a soft biTish. When the 
above solution has been in use some time it will be 
necessary to add occasionally a little cyanide of potassium 
and liquid ammonia, so as to keep the solution at as 
near as possible the original strength ; and if the solu- 
tion, from being worked with too small a surface of 
positive electrode, or from other causes has become 
deprived of a portion of its zinc, I place in the solution 
(by suspension or otherwise) several porous cells, which 
I fill with strong solution of cyanide of potassium, and 
into which I put pieces of copper or iron as before, in 
connection with the negative pole of the battery, and 
the zinc electrodes I attach to the positive pole of the 
battery, by which means I am enabled to keep up the 
strength of the solution. The above solution is to be 
worked with zinc electrodes (milled zinc being prefer- 
able), and it will be necessary in coating flat surfaces 
especially to place a piece of zinc on each side of the 
article to be coated ; for instance, if sheets of iron are 
to be coated, they are to be placed in the solution 
alternately, that is to say, sheet zinc, sheet iron, sheet 
zinc, and so. on, (the sheets of iron and zinc exposing 
about the same area of surface,) otherwise the surface 
opposite the zinc electrode will receive the greatest 
amount of deposit. I prefer using a battery which 
yields a considerable quantity of electricity, and the 
action of which can be maintained for a considerable 
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time without losing its power, by which means I not 
only secure a good deposit, but uniform results. The 
battery which I prefer is that known as Bunsen'a 
battery, or a battery composed of carbon and zinc ele- 
ments. Two or more 4-gallon cells of this battery may 
be used when large articles are to be coated, or when a 
considerable quantity of work is to be done in the bath 
at one time. When cast or wrought iron or steel has 
become much rusted, it may be cleaned with strong 
hydrochloric acid, or with a strong pickle composed of 
hydrochloric acid and water, but it must not be allowed 
to remain too long in this pickle, or the iron or steel 
will be acted upon. 

Articles of cutlery may be coated by the above pro- 
cess to preserve them from oxidation or rust in damp 
climates or during sea voyages, &c,, and as they will 
only need a slight coating for this purpose, they will 
not require to remain long in the bath. In pickling 
bright steel articles, I should not recommend the use 
of any hydrochloric acid. 

Electro-deposition of Alloys of Metals.— Besides 

the metals already referred to, I have succeeded in 
depositing an alloy of copper and nickel, forming a 
very ^ood quality of German silver, by dissolving 
German silver in nitric acid, precipitating with an 
alkali, and re-dissolving with cyanide of potassium. 

Silver and gold — forming what jewellers term '' green 
gold " — may also be deposited by adding to a solution 
of gold a small quajitity of solution of silver, but the 
solution must be worked hot, and with weak battery 
power. Copper and gold may also be deposited together 
in the same way. However, the only alloy which seems 
to have much practical value in it is that of brass, and 
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an extensive manufacture is now being carried on in 
this art both in England and on the continent. 

I trust that the reader will find in the foregoing 
pages sufficient practical matter to enable him to work 
the various processes described with facility and cer- 
tainty of success. I have endeavoured to divest the 
details of any unnecessary technicality, and to give each 
process with as much conciseness and simplicity as 
possible, in order that the student might at once arrive 
at the readiest mode of setting to work. Those pro- 
cesses which I have dwelt fully upon, are those which I 
have found most practicable and economical, and conse- 
quently more likely to succeed in the hands of the 
uninitiated. 

I propose giving, in the form of an appendix, a few 
practical memoranda, which I hope may prove equally 
serviceable to the beginner and the practical electro- 
metallurgist. 

APPENDIX 

1, — In dissolving gold in aqiMZ regia (two parts hydro- 
chloric acid and one part nitric) care must be taken 
that the acids are pure, and that the gold be perfectly 
fine^ or at least not inferior to sovereign gold. 

2. — If the operator requires to dissolve gold of 
inferior quality, for the purpose of making his gold 
solution, he should first treat the gold in the following 
manner : — To one ounce of alloyed gold of the same 
quality as that which '^ colored'^ gold chains are made 
of, add two ounces of silver. These are now to be 
placed in a crucible and melted in a furnace, a little 
borax being added as a flux. As soon as the alloy is 
thoroughly melted, it should be poured into a deep 
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vessel of cold water (kept well stirred in a circular 
direction all the time)^ and thus it will become " gra- 
nulated/' as it is termed. The granulated metal is now 
to be removed, and placed in a Florence flask, and to 
be treated with one part nitric acid and two parts 
water; This is allowed to digest for an hour or so ; 
applying gentle heat when the chemical action dimi- 
nishes ih vigour. The nitric acid will remove all the 
copper and silver from the gold, which latter will 
remain at the bottom of the flask in the form of a dark 
brown irregular mass. The acid, which will have 
acquired a green colour, may now be poured into a 
separate vessel. It will be well to add a little fresh 
acid to the gold, applying heat as before, in order to be 
sure that all the copper and silver have been removed. 
If the acid does not produce chemical action (which 
may be seen by the absence of red fumes in the body 
of the flask), the operation is complete. The gold is 
now to be washed well with hot water, and the washings 
are to be added to the first solution which was poured 
from the flask. The gold in its present state may be 
dissolved with nitro-hydrochloric acid, and thus con- 
verted into chloride ; or it may be dried, mixed with a 
little dry potash, and fused in a crucible. When 
melted, the gold may be granulated, or poured into an 
ingot. 

The solution of nitrate of silver and nitrate of copper 
formed above, may be thus treated, in order to collect 
the former : — ^Put into the vessel containing the green 
solution a piece of stout sheet copper. In a few moments 
the silver will begin to deposit itself upon the copper, 
and by continuing the process for some time — adding a 
gentle heatj the whole of the silver will eventually 
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become precipitated in the form of miuute crystals. In 
order to ascertain whether all the silver is thrown down^ 
pour a little of the green liquor into a wine glass^ and 
drop in a little hydrochloric acid, which, if any silver be 
still present in the solution, will form a white precipi- 
tate. If, on the contrary, no precipitation takes place^ 
the green solution may be poured off and thrown away. 
The silver is to be washed several times, to free it from 
the copper, and when the last washings pass off clear, 
the silver may be dried and melted, with a little potash, 
in a crucible ; or it may be dissolved in nitric acid and 
used for making a plating solution. 

The copper may be thrown down from the above 
solution, when the silver is extracted, by immersing in 
the solution a few pieces of iron, but it is never worth 
while to do this except for experimental purposes. The 
solution, however, may be used with the sulphate of 
copper batteries. 

3. Sometimes, when gilding the insides of mugs, 
tankards, &c., which are richly chased or embossed, it 
will be found that the hollow parts do not receive the 
deposit at all, or very partially. When this is the case, 
the article must be rinsed and well scratch-brushed, and 
a little more cyanide added to the solution. The anode 
should be slightly kept in motion and the battery power 
increased until the hollow surfaces are coated. Frequent 
scratch-brushing aids the deposit to a great extent, by 
imparting a slight film of brass to the surface. 

4. Silver filagree brooches and articles which have 
been annealed and cannot be scratched bright, owing to 
their peculiarity of construction, are frequently trouble- 
some to gild, for the rough surfaces caused by the fire, 
in the process of annealing, are indifferent conductors 
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of the current. It will therefore be advisable to scratch- 
brush the articles as far as practicable^ and to add a 
little more cyanide of potassium to the solution in which 
this claiss of work is to be gilt. The article must be 
constantly moved about, in solution^ until coated all 
over. The battery-power should be brisk. 

5. When articles gild a "foxy^* colour, as it is termed, 
this is either owing to the presence of too much cyanide, 
excess of battery power, or exposure of too large a sur- 
face of anodfe. When this defect shows itself, raise the 
anode a little and keep the article in motion while in 
the bath, or remove the anode altogether and move the 
work about in the solution for a few seconds. This will 
generally remedy the defect. The power of the current, 
however, should be diminished, or the anode will become 
wasted. 

6. When a gold solution has been worked for a long 
time, it becomes contaminated with organic matter, and 
the deposit is of an inferior colour in consequence. In 
this case, I have observed that the solution may be 
restored to good working condition by evaporating it to 
dryness, and then adding distilled water to re-dissolve 
it. A little cyanide should then be added, and the 
solution filtered for use. The heat required to evaporate 
a solution to dryness does not, as many people suppose^ 
impair the solution, or decompose it; it merely appears 
to destroy the organic matter and to prevent its influence 
in the working of the solution. 

7. It is sometimes found impossible to make a gold 
solution work well which has been in use for some years, 
even evaporation to dryness failing to restore it. It is 
therefore better and more economical to abandon it 
altogether and make another. The gold from old solu- 
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tions may be recovered by means of the battery, or by 
precipitating the gold with acid. If the former plan is 
adopted, a piece of copper should be attached to the 
negative pole of the battery, and another piece (as an 
anode) be attached to the positive pole. When the 
battery has been in action for some time, the gold — or 
at all events the greater part of it — will be deposited 
upon the negative pole, from which it may be removed 
by mechanical means, or by dissolving it off with nitro- 
hydrochloric acid. If it is preferred to throw down the 
gold from the solution with acid, the solution must be 
placed in a large vessel in the open air, as the fumes 
which will arise are highly deleterious if breathed, and 
sulphuric acid poured in carefully until no further effer- 
vescence takes place. The precipitate formed should be 
allowed to subside, when the clear liquor may be poured 
off and thrown away. The precipitate may be washed 
with hot water ; after which it may be dried, mixed 
with a little potash, and fused in a crucible until the 
gold is gathered into a button. The operator will 
seldom find that he can recover nearly the amount of 
gold that he put into the solution ; owing to the irre- 
gularities of working, the solution becomes deprived of 
a considerable proportion of gold, and I have frequently 
found that old solutions will yield scarcely any metal 
worth speaking of. 

8. In gilding, if a copper and a silver article be 
immersed in the solution together, the copper article 
will receive the deposit first, and the silver article will 
be troublesome to gild sometimes under such circum- 
stances ; and in trying to force the gold upon the silver, 
probably the copper article will receive the deposit so 
quickly that it will be liable to strip off when scratch- 
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brushed. The silver article^ therefore^ should be placed 
in the solution firsts and when it is coated^ the copper 
one may be suspended by its side. 

9. Each metal to be gilt plated or brassed^ should 
have a solution for itself^ otherwise the bath in which 
several different metals have been coated^ will become 
impaired^ unless^ however^ each metal has first been 
coated by itself to some extent. 

10. When it is found that the operator cannot^ from 
some cause or other, produce a good colour when gild- 
ings it is useful to have at command the means of im- 
proving the colour without the trouble and annoyance 
of persevering with an indifferent gold solution. Some 
gilders employ the foUonv ing mixture to give an artificial 
colour to gilt work ; and provided the work is strongly 
coated, it may be used with advantage : — 

Alum •....•.. 8 onnoea. 

Nitrate of potassa (saltpetre) . . . 6 ,, 

Sulphate of zinc . . «. . . 8 „ 

Common salt ^ n 

Mix the above materials into the form of a thick 
paste, dip the articles in it, or brush them over with 
the compound, and place them on a piece of sheet iron. 
The iron is to be heated over a clear charcoal or coke 
fire, until the articles appear nearly black, when they 
are to be plunged into cold water. A very useful 
formula, and one which m'^y be used with less care than 
the above— especially fort mall work, is the following: — 

OCS. DWT8. GBS. 

Snlpbate of copper .... 2 

French yerdigriB i 12 

Chloride of ammonium (Sal ammoniac) .0 i 

Nitrate of potaasa i 

Acetic acid . . . (about) 10 

9 
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Reduce the sulphate of copper, sal-ammoniac and 
nitrate of potassa to a powder^ in a mortar; then add 
the verdigris^ and pour in^ little by little^ the acetic acid^ 
stirring well all the time ; the whole will assume a 
bluish-green mass. The article to be coloured is to be 
dipped into this mixture, and, being placed on a piece 
of sheet copper, heat is to be applied until it assumes a 
black colour. It is allowed to cool, and is then placed 
in a tolerably strong sulphuric acid pickle, which will 
dissolve the colouring salts, and the article will assume 
a rich fine gold colour. It is sometimes advantageous 
to scratch-brush the article before submitting it to the 
above process, and it will then come out of the pickle 
perfectly bright. The article, when removed from the 
pickle, is to be well rinsed in warm water to which a 
little potash has been added. A soft brush and soap 
and warm water, skilfully applied, will tend much to 
improve the article — especially if the work is either 
chased or embossed. 

11. Moving the articles about in the bath, will at all 
times enable the operator to vary the colour of the 
deposit from pale straw-colour to a very dark red. The 
temperature of the solution likewise influences the 
colour of the deposit, the colour being lightest when 
the solution is cold, and gradually becoming darker as 
the temperature increases. Variations in the surface 
of anode exposed while the articles are in solution, will 
also alter the colour of the deposit. The amount of 
cyanide in the bath and the strength of battery-power, 
influence the deposit in the same way. 

12. If there be not sufficient cyanide in the gold 
solution, the anode will not become freely dissolved ; 
conseqiuently, as has been shown, the solution will soon 
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become exhausted of its gold^ and the articles gild of an 
inferior colour. Adding more cyanide, under such cir- 
cumstances, will not remedy the defect, but a little 
concentrated solution of gold should also be added at 
the same time. 

13. In gilding watch-movements, the greatest care 
must be observed with regard to cleanliness. The 
work is first to be placed in a weak solution of caustic 
potassa for a few minutes, and then rinsed in cold 
water. The movements are now to be dipped in pickling 
acid (nitrous acid) for an instant, and then plunged 
immediately into cold water. After being finally 
rinsed in hot water, they may be placed in the gilding- 
bath and allowed to remain until they have received the 
required coating. A few seconds will generally be 
sufficient, as this class of work does not require to be 
very strongly gilt. When gilt, the movements are to 
be rinsed in warm water, and scratch-brushed ; they 
may then be returned to the bath, for an instant, to 
give them a good colour. Lastly, rinse in hot water, 
and place the movements in clean box sawdust. An 
economical mode of gilding watch-movements, is to 
employ a copper anode — working from the solution — 
which must be re-supplied with gold &om time to time 
as the solution becomes exhausted. 

14. When an article is immersed in the silver solu-> 

tion, if it assumes a dark colour, either the solution is 

too rich in cyanide, the battery-power is excessive, or 

too large a surface of anode is employed. Any one, oi 

all of these conditions combined, will cause this defect. 

The operator should at once remove the article (unless 

it be made of Britannia-metal, pewter, or lead), and 

have it cleaned again by the usual process. It may 

?2 
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then be returned to the bath^ and a much smaller 
surface of anode exposed. This will at once alter the 
colour of the deposit^ and the anode can be lowered a 
little from time to time^ to increase the speed of the 
operation. Should the article^ however^ still receive a 
dark-coloured deposit^ either the solution must be 
weakened with water^ or the battery-power reduced. 
But the solution^should not be altered until the other 
remedies have l^&en tried. 

15. When it is desired to give to a plated article^ or a 
portion of the same, that appearance which is techni- 
cally termed *' oxidation/* any of the following pro- 
cesses may be employed with success. Sometimes very 
pleasing effects may be produced upon silver work by 
the *' oxidising *' proceses. 

1. Dissolve 1 dwt. of platinum in aqua regia. Eva- 
porate the acid, and when the resulting red mass is 
quite cold, dissolve in a little sulphuric ether or alcohol. 
Or the chloride of platinum may be dissolved in cold 
water, or used, in its acid state, before evaporation. 
Apply with a camePs hair pencil to those parts which 
are required to be *^ oxidised,'* and as soon as the spirit 
or ether has evaporated, the pellicle of platinum 
remaining will give the appearance required. 

2, Sulphate of copper 2 dwte. 

Nitrate of potaaaa 1 ,, 

Muriate of ammonia . . . . 2 ,, 

Dissolve in a little acetic acid. Apply with a camePs 
hair pencil. The article should be warmed befoA'C using 
this mixture. 

8. Hydrosulphate of ammonia, strong or diluted^ will 
give either a dark or light tint of oxidation. 
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4. The fumes of sulphur will give to silver an ex- 
tremely beautiful blue steel-like surface. The operation 
should be conducted in a closed box^ all parts of the 
article not to be coloured being protected with a suitable 
cement or wax. 

5. Nitric acid alone will produce an oxidised surface 
upon silver. 

16* Certain parts of an ornamental silver article may 
have a very pleasing effect produced upon them by 
oxidising some parts, gilding others^ and then depo- 
siting a slight coating of copper upon small portions 
of the article^ which may be done in the following 
manner : — Dissolve a little sulphate of copper, and add 
a few drops of sulphuric acid ; apply this solution to 
the part to be coated^ with a camel hair brushy now 
touch the moistened part with a piece of steel wire^ and 
it will instantly become coated with copper. Any 
design can 'be worked in copper by this means ; but it 
is not necessary to state, that the amount of copper 
deposited is very trifling, consequently the article should 
not be subjected to much wear. 

17- When a siUer solution works badly, and it 
appears impossible to restore it by the ordinary means, 
the operator may precipitate the silver with sulphuric 
acid in the manner described for gold (page 96). The 
precipitate is to be well washed, and may then be 
re-dissolved with cyanide of potassium. Water is then 
to be added to make the required amount of solution, 
and in all probability it will work as well as ever. The 
solution should be filtered before using, which may be 
conveniently done before adding the bulk of water. 

18. If^ when silver anodes are used, the solution con- 
tains a great excess of free cyanide, the anodes will 



1 02 ELECTRO-METAIiLURGY. 

dissolve away irregularly, and sometimes numerous 
small particles of silver drop off the anode; these 
particles, if allowed to fall on the work to be piated, 
will render it rough. It is therefore, under such cir- 
cumstances, advisable to place the anode in a canvas 
bag, or a bag made of Holland linen, by which means 
the small granules of silver will be retained, and may 
be collected from time to time, and melted or dissolved 
to make nitrate of silver. 

19. In '' stripping '* articles, by the process given at 
page 56, the operator must take care that the fumes 
arising from the process are not allowed to enter the 
apartment in which he is operating, as they are exceed- 
ingly offensive and injurious. The process may be 
carried on upon a sand-bath, with a flue above, or upon 
the hob of an ordinary stove. 

20» Sometimes the silver thrown down from strip- 
ping solutions, when melted and cast into an ingot, 
will not, if submitted to the ''flatting-mill'^ to be 
rolled out, roll well, but will crack under the operation. 
This defect is probably owing to the presence of a small 
quantity of zinc. It is better, in such a case, to remelt 
the silver with a small portion of copper, or to throw in 
some nitrate of potassa when the silver is in a state of 
fusion. 

21* When silver or electro-plated articles have be- 
come much tarnished by exposure to the atmosphere, 
the surfaces may be cleaned by brushing over them a 
strong solution of cyanide of potassium; or strong 
liquid ammonia will answer the same purpose. Jewel- 
lers' rouge, in the form of a paste, applied with a stiff 
brush, will render the surface of chased work clean, 
but the bright surfaces should be polished with the 
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palm of the hand^ and moist rouge^ which is rubbed on 
until it becomes quite dry^ and the hand appears black 
from the silver which has worked oflF the article by 
friction. When the articles are very dull, a little rotten- 
stone may be applied before the rouging process. 

22. Grold may be stripped from articles which have 
been gilt, by placing them in strong nitric acid, to 
which a little dry common salt has been added. When 
the gold is removed, the articles should be at once 
rinsed and cleaned in the ordinary way. When the 
nitric acid stripping solution has been worked a good 
deal it removes the gold but tardily ; it should then be 
cast aside, and the gold collected by evaporating the 
solution to dryness, and fusing the residuum with a 
little potassa or soda. - When the gold is fused into a 
button, a little nitre may be added occasionally, in order 
to refine it thoroughly.^ 

23. As deposition takes place more rapidly upon those 
surfaces which are nearest the anode, it will be necessary, 
in order to coat the goods as uniformly as possible, 
to move them occasionally, and to present a different 
surface to the anode. By doing this frequently, a 
tolerably uniform deposit may be secured. Or the 
anode may be shifted to effect the same result. Pre* 
suming that electro-deposition takes place principally 
where the article is in " electrical sight " with the 
anode, it is well to surround the work with surfaces of 
metal to be dissolved, which will save the necessity of 
frequently moving the articles in solution. 

The insides of cream-ewers, sugar-bowls, teapots, &c., 
since they cannot be placed in such a position that the 
insides will be exactly opposite the anode, may first 
receive a deposit inside by filling the vessel with sUver 
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solution^ and proceeding in the same way as m gilding 
the inside of a vessel. Or this may be left until the 
article is well coated outside. Generally speaking, it 
is better to let the solution be slightly moved occasion- 
ally, in order to expose fresh surfaces of the solution to 
the work being plated. 

24. Stout copper wires conduct the current better 
than fine wires ; consequently, the wire employed in 
connecting the work to be plated and the anodes with 
the battery should be always sufficiently stout to carry 
the current freely. For a single cell, wire about one- 
sixteenth of an incl in thickness will be sufficient, but 
where a series cf cells are employed, in electro-brassing 
for instance, the wire should be much thicker, — say at 
least one-eighth of an inch thick. If too thin a 
wire is used, when the battery is in circuit, — that is, 
when it is connected with the qnode and goods to be 
coated, — the wire will sometimes become quite hot, 
owing to its being unable to convey the amount of 
current generated. 

25. It is always advisable to commence the process 
of electro-deposition with moderate battery power^ 
which may be augmented after a little while, except in 
those cases referred to in a former part of this work. 
If too strong a current is employed^ the articles will, 
in all probability, " strip " in the process of scratch- 
brushing or burnishing. Again, when the battery 
power is very strong, the solution becomes decomposed. 
As a rule, no effervescence or frothing should be 
allowed to take place in a plating bath. 

26. Electro-deposition will proceed much quicker 
when the temperature of the atmosphere or solution is 
high ; therefore, the operator should observe that the 
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surface of anode be not too great at first, or the battery 
power excessive, or the deposit will be faulty. When- 
ever a warm solution is employed, deposition should be 
allowed to commence slowly at first, gradually lowering 
the anode as the coat thickens. 

27. Deposition from silver or gold solutions takes 
place more actively upon brass, German silver, or 
copper, than upon silver or gold; therefore the operation 
must be carried on slowly at first. When a copper or 
brass article becomes covered with silver, deposition 
does not proceed quite so rapidly as at first, when the 
inferior metal was exposed in the solution ; the manipu- 
lator may therefore accelerate the speed of the operation 
as before recommended. The same operation applies 
to gilding. Gold is more easily deposited upon brass 
or copper than upon gold; therefore, after the first 
layer has been deposited, the operation may be carried 
on more vigorously. 

28. The apartment in which electro-deposition is 
carried on should be kept as dry as possible, and the 
temperature at about 60^ F. In warm weather, when 
the apartment assumes a higher temperature, the 
strength of battery power, &c., should be regulated 
accordingly, otherwise deposition will take place too 
rapidly. 

29. Batteries employed for this purpose, should be 
made to work as uniformly as possible. When a battery 
works slowly, it is better to take on an extra cell of 
about equal power, than to make frequent additions, 
of acid to the battery, which is apt to cause it to act 
irregularly. 

30. The zinc employed in a battery, when not excited 
by salt and water, should be '^amalgamated." This 

f3 
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is accomplished by placing some mercury in a dish 
with a little hydrochloric acid. A piece of flannel or 
baize, tied to the end of a sticky and dipped into the 
acid and mercury, is to be mbbed all orer the cylinder 
or plate of zinc, until it assumes the charactenstic bright- 
ness of mercury. When a cylinder of zinc is to be 
amalgamated, I have found that putting mercury into 
a coarse flannel bag, dipped now and then into hydro- 
chloric acid, and applying it first to the outside of the 
cylinder, renders the process of amalgamating this sur- 
face very simple and efiective, when only a small 
quantity of mercury is at hand. This is a rery econo- 
mical method, as with care little or no waste of mer- 
cury occurs. When the amalgamated plate or cylinder 
has been in work some time, the operator should observe 
if *' local action^' is taking place upon any part of the 
metal. When this is the case, it is accompanied by a 
violent effervescence within the cell. The cylinder, &c., 
should be at once removed from the cell, and those parts 
which have been most violently attacked by the add 
solution, must be re-amalgamated. Where local action 
takes place, the part is generally of a dull and dark grey 
colour. 

31. The copper cylinders and plates used in batteries, 
should be occasionally cleaned with dipping nitrous 
add, and then rinsed in cold water, or they may be 
scoured with sand and a hard brush. 

32. When the copper conducting wires become cor- 
roded by bdng splashed with solution, Sec,, they should 
be cleaned with a piece of emery cloth. I have found 
it advantageous to coat these wires with silver — ^this 
metal bdng less liable to corrosion than copper. 

33* lu using binding screws for connecting the wires 
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of a battery with the anode and goods to De coated^ the 
operator must take care that the connection between 
the point of the binding screw and the wire is clean^ 
otherwise the current will be conveyed partially or not 
at all. It is well to slightly file the point of the screw 
before using it^ or to roughen it with a piece of coarse 
emery cloth^ which will enable it to grip the wire better. 
The hole through which the wire is passed, may be kept 
clean with a small round file. When binding screws 
become rery much corroded, they may be pickled in 
sulphuric acid and water, for a few hours, and then 
cleaned with aliard brush and sand; or they may be 
dipped in nitrous acid. 

34, Strips of sheet copper will be fouud very con- 
venient substitutes for copper conducting wires. The 
strips may be cut from' a sheet about -^-^ of an inch in 
thickness. 

35. In working a battery for electro-deposition, the 
operator must secure a considerable qtuintity of elec- 
tricity of sufficient inteniity to give the necessary activity 
to that quantity. I prefer, 

when arranging two or more 
cells of a battery, to deposit 
silver^ attaching the wires 
connected with the zinc ele- 
ments to the metal rod on 
which the articles to be 
coated are suspended, and 
the wires proceeding from 
the copper elements I attach 
to the anodes. By this ar- 
rangement, the quantity is 
multiplied by the number of cells employed , whereas. 
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if the celk are alternated — tliat is, the sine of the one 
cell to the copper of the next, aad fo on — the intensity 
is mnltiplied and the arrangement only gires the qnan- 
titj of one oelL 

36. When it is desirable to deporit the metal in a 
hard state, it may be advantageous to alternate the 
cells, so as to increase the uUensity of the current, as 
this quality of current seems to affect the nature of the 
deposit. A good tough reguline deposit appears to be 
dependent upon the current being feeble in intensity, 
but considerable in quantity. 

37. In depositing brass, howerer, the rererse seems 
to be the case, for here greater intensity is absolutely 
necessary, or the copper alone will be deposited* I 
hare generally found that at least two cells of the zinc 
and carbon (an intense) battery, alternately arranged, 
have been necessary to obtain a deposit of good colour. 
Again, if the battery be too powerful, the zinc only will 
be deposited. The exact mean appears to be absolutely 
necessary to obtain good results in electro-brassing. 

38. When the anodes are only partially immersed in 
the solution, and hare been worked for some time, the 
metal will dissolve off rapidly at the surface which is 
just out of the solution, and probably the anode may 
be divided, and fall into the solution. It is advisable, 
therefore, occasionally to shift the position of the anode 
in order to prevent this local action upon it. It is a 
good plan to suspend the anodes employed in gilding 
by stout platinum wires, so that the whole of the anode 
may be immersed when necessary, without the solution 
being injnred. 

39. In preparing solutions, more especially gold and 
silver solutions, distilled water should be employed; 



ANNEALING ANODES. 100 

but, when large quantities of solution are required, 
this may be inconvenient ; therefore, rain-water, if it 
can be obtained, may be substituted ; or water which 
has been boiled, losing some of its impurities, may be 
used in preference to common water. Pump- water is 
very objectionable. If rain-water is employed, it should 
be filtered before using; and it is better to collect it as 
it falls direct from the atmosphere, rather than use 
that which falls off the roof of a house, &c. 

40. Electro-deposition of gold and silver may be 
carried on by the "single celP' arrangement; but, 
although very good results may be obtained by it, it is 
of very little commercial importance. The operations 
of gilding and plating, when conducted by the separate 
battery, are so simple that even the "single cell'' pro- 
cess, simple as it is, will scarcely be employed, except 
for experiment. 

41. In gilding or plating by the " single cell " pro- 
cess, however, a jar is fitted with a cylinder of zinc 
inside, which is excited either with sulphuric acid and 
water, or salt and water. A porous cell is placed in 
the centre, which is filled with either gold or silver 
solution. A strong copper wire is soldered to the zinc, 
to which the article to be gilt or plated is suspended, 
by means of a thinner wire, and the moment the article 
is immersed deposition takes place. 

42. It is advisable to anneal the anodes before using 
them. This may readily be done by making them red 
hot over a clear fire (a charcoal fire being preferable)^, 
and then allowing them to cool. The anodes of gold, 
silver, copper, and brass may be plunged into dilute 
sulphuric acid after they have been annealed, by which 
their surfaces will be rendered quite clean and free from 



1 10 ELECTBO-METALLUBGT. 

(he ''fire mark/' Brass and copper anodes may be 
dipped in nitrous acid for a moment^ and then plunged 
into cold water. 

43. Cyanide of potassium may be prepared^ for 
electro-chemical purposes^ by the following process : — 
A quantity of commercial ferrocyanide of potassium is 
to be reduced to a powder; it is thou to be roasted on 
an iron slab^ or piece of sheet-iron with its edges turned 
up to prevent the material falling off. The heat is to 
be continued until the substance is quite free from 
water of crystallisation^ which will become erident by 
its losing its transparency. K the heat be applied too 
suddenly^ the ferrocyanide is apt to decrepitate, and 
much of it may be lost. Care must also be taken not 
to apply too much heat^ or it will become, fused to the 
iron slab. When the ferrocyanide is dried^ it is to be 
mixed intimately with dry carbonate of potassa, in the 
following proportions : — 

Dried ferrocyanide 16 ounces. 

tf carbonate of potaata . . . 8 ,, 

Both materials being well mixed, they are to be 
placed in an iron crucible or ladle, which should be 
previously made hot, and the whole subjected to a 
strong heat in a coke fire ; the heat may be increased 
as fusion progresses. When the substances have fused 
into a liquid, they are to remain in this state for about 
a quarter of an hour; the crucible is then to be removed 
from the furnace, and its contents allowed to settle for 
a few moments ; the clear liquid may then be carefully 
poured out, either into a shallow iron mould or upon 
an iron jilab or dry flag-stone. The sediment remain- 
ing at the bottom of the crucible should be shaken 
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out while hot^ or it will be troublesome to remove it. 
[t is a good plan^ while the cyanide is fusing^ to dip 
an iron rod into the mass occasionally^ and then to 
examine the portion thus removed^ which will be brown 
at first, and subsequently white when the process has 
been carried far enough. 

44. Sometimes electro platers have employed ferro- 
cyanide of potassium (yellow prussiate of potassa) 
instead of the cyanide in forming silver solutions, but 
this substance has not been found to answer well, since 
it has not the power of dissolving the anode, therefore 
the solution soon becomes exhausted of its silver. 
Again, it requires so large a quantity of the ferro- 
cyBmde to keep the solution in action, that eventually 
it crystallises upon the inner surface of the bath. 

45- Hyposulphite of soda has also been employed 
as a substitute for the cyanide of potassium; but since 
the solution which is formed with it is very readily 
acted upon by light, it is never Jikely. to become much 
employed; besides, the solutions made with cyanide 
of potassium are found, for all practicable purposes, 
infinitely superior to those made with this or any othei 
substitute. 

46. Mr. George Knight, the eminent philosophical 
instrument maker of Foster Lane, Cheapside, has lately 
drawn my attention to a very ingenious and portable 
battery, consisting of two zinc plates and a plate of 
platinised carbon, or graphite, united by suitable bind- 
ing screws, and placed in a glass cell. This arrange- 
ment, I believe, is due to Mr. C. V. Walker. The battery 
is excited with sulphuric acid and water, and is capable 
of yielding a powerful current without any unnecessary 
waste of material. This battery is certainly one of the 
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most simple and effective which has been introduced 
for some years, and in the hands of the student it 
cannot fail to give many pleasing results with but little 
trouble and expense. 

There are many other processes for the electro-depo- 
sition of metals upon each other besides those enume- 
rated in this work ; but the author, — being desirous 
merely to enter into the consideration of those processes 
which are of a practical nature, and which may be pur* 
sued by the student for commercial purposes, — has 
confined himself, as far as possible, to detailing those 
processes which are most likely to succeed with the 
beginner. At the same time it is hoped that many 
who are now practising the art of electro-metallurgy, 
either as gilders, platers, or bronzers, may glean from 
these pages some useful hints, and which the author 
trusts will repay the reader for the time devoted to 
the perusal of this little work. 

TABLE OF WEIGHTS AND MEASURES. 

APOTHECARIES* WEIGHT. 

1 Pound eguali 12 ouncei. 

1 Onnoe ^ 8 dnushmf (480 ^aiiu*). 

1 Drachm ,, 8 lernplef. 

1 Scruple ff 20 gninf. 

TROY WBIGHT. 
1 Pound equaU 12 ounces. 

1 OiiniM } 2^ pennjwcigbU (dwfi.) 

^ ""^ " I (480 gmini^). 

1 Pennjweight „ 24 gnuni. 

IMPBEIAL MEASUBB. 

1 QaXUm equcUi 8 pinto. 

1 Pint ff 20 ounces. 

1 Ounce ,9 8 dracbmi . 

1 Drachm ,, 60 minims. 

* An ounce Afoirdnpoie is onlj 437'$ graine. 
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47. Silver articles which are required to be left a 
dead white should be thus treated : — ^The article is first 
to be heated to " cherry redness " {i.e., a dull red heat)^ 
and is then to be allowed to cool. When quite cold it 
£ to be placed in a pickle of very dilute sulphuric acid 
(about 5 parts acid in 100 parts water). The article 
should remain in this pickle for an hour or two ; and 
if not sufficiently uniform in surface, it should be 
rinsed in hot water, dried spontaneously, and again 
heated as before — ^the operation of pickling being 
repeated. As the object in this process is to remove 
the copper with which the silver is alloyed, the repeated 
pickling will not pro'luco any injurious result, but will 
merely remove the copper from the surface of the 
article, leaving fine silver alone upon the surface. 
A solution of alum in water may be substituted for 
dilute sulphuric acid, if preferred. In either case the 
solution should not be used more than once or twice, 
and then be thrown away. 

After the article has been whitened as above, it must 
be removed from the pickle, and be well rinsed in hot 
water, which for this purpose must be absolutely clean, 
and then placed in warm box-sawdust. It is well to 
keep perfectly clean box-dust for articles which have 
to be whitened, as the slightest stain in some cases 
would be fatal to the object sought. In whitening 
silver watch-dials, great care must be taken not to 
warp the dial in the process of annealing. The dial 
should be placed on a perfectly flat piece of charcoal,* 
face upward, and a gentle blast with the blowpipe 
carefully applied, and as far as practicable the flame 
should play all over the surface of the dial without 

* A flat surface may be given to charcoal by rubbing it upon a flng 
stone. 
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absolutely touching it, by which means the dial will 
soon become sufficiently heated^ without becoming 
warped or in any way injured. Silver dials may also 
be annealed by placing them upon a flat sheet of 
copper, which is then brought in contact with a clear 
fire until red-hot. 

48, Brass time-piece dials may be whitened, i.e., 
silvered, by rubbing a mixture of chloride of silver 
(silver precipitated from the nitrate with common salt 
or hydrochloric acid) and conmion salt. The mixture 
should be worked up into a thinnish paste, and be 
applied with a soft cork or piece of washleather. The 
dial is then to be rinsed and placed in box-dust. 

49. The sediment which accumulates in the scratch- 
brush box should be carefully preserved and dried^ 
and this, with other waste of a similar description, 
collected and fused with dry carbonate of potash ; and 
as the resulting ^'button" will be an alloy of gold^ 
silver, copper, &c., it will be necessary, in order to 
refine it, to proceed as follows : — ^Bemelt the alloy, and 
** granulate'' as before described ; then place the grains 
in dilute nitric acid (2 parts acid to 1 part water), 
which will dissolve all but the gold, the latter remain- 
ing as a brown powder at the bottom of the vessel in 
which the operation is conducted. The solution formed 
should next be poured off into a jar or basin, and a 
piece of copper immersed, which will at once throw 
down all the silver. The silver and gold thus obtained 
will require to be well washed with hot water, and 
finally dried and fused. 

60. Gold articles may be ** coloured,'' as it is termed, 
by immersing them in the mixture described at 
page 97, line 17. The mixture should be placed in 
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a common pipkin^ and allowed to fuse^ the articles 
being removed occasionally to ascertain if they be of 
good colour. After the articles have been removed 
from the pipkin, they should be allowed to cool, and 
then immersed in dilute sulphuric or acetic acid, which 
will remove the flux. When this is done, the articles 
may be rinsed in a weak solution of potash or soda, and 
finally brushed with hot soap-and- water ; they must then 
be rinsed in hot water, and placed in clean warm box-saw- 
dust. A badger-hair brush is the best to remove all traces 
of sawdust from articles which have been dried in it. 

61. In gilding cast brass articles, which are required 
to be left dead in the hollow and chased surfaces, the 
best plan is first to wash the article in a solution of 
caustic soda (a solution of soapmaker's '^soda ash" 
will do) or potash, then, after well rinsing, dip the 
srticle Jbr an instant in Aiming nitric acid, and after it 
has become thoroughly acted upon all over plunge it 
instantly in cold water : the article should then be well 
rinsed in hot water, and is then ready 'for the gilding 
bath. Articles of this description seldom require to be 
strongly gilt, the colour being the principal object. 
The bright surfaces may require to be burnished. 

62. Electro-gilders and platers will do well to keep 
several burnishing tools on hand for small things which 
may be needed in a hurry, or which would not be within 
the ordinary province of a professional burnisher to 
accomplish. As mere friction is required, the operator 
may easily acquire the proper knack of using the tools. 
A small steel burnisher, about twice the size of a ladies' 
"stiletto** or eyelet-hole piercer, is a convenient tool 
for edges of brooch mounts, &c. 

68. As it may be necessary that the electro-plater 
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should be able to solder an article at a moment's notice 
rather than send it out to be done^ he may derive ad- 
vantage from the following hints : — ^The operator is to 
be provided with an ordinary " soldering iron '* (which 
is made of copper, by the waj !), and the face must be 
filed smooth with a keen file ; after which it should he 
placed in a fire until hot, but not red hot. The solder- 
ing iron should then be ** tinned/^ as it is termed ; that 
is, rubbed on a piece of sheet tin with a little rosin and 
soft solder. As the face of the tool will have become 
slightly oxidised after removal from the fire, it will be 
necessary to pass the file over it again in order to clean 
the surface to be tinned. The moment this is done, 
plunge it at once into the rosin and solder, and by 
gently working the soldering iron over the surface of 
sheet tin, it will become coated with solder and fit for use. 
The soldering iron should never be allowed to be heated 
to redness, otherwise the solder becomes "burned," 
as it is termed, and, uniting with the copper, forms a 
hard alloy which the file will scarcely touch unless the 
tool is very hot. In soldering an article, the first 
thing to do is to clean the part to be soldered, which is 
generally done by scraping the surface with a sharp 
instrument, such as the point of a penknife, or, still 
better, a three-square scraper made out of an ordinary 
three-square file, and great care is necessary to ensure 
all parts which are to receive the solder being perfectly 
clean. The operator should provide himself with a 
solution of chloride of zinc, which is made by dissolving 
a few pieces of zinc (say half an ounce) in an ounce of 
hydrochloric acid ; this solution may be kept in a wide- 
mouthed bottle ready for use. The solution of chloride 
of zinc is applied to the parts to be soldered with a 
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camel-hair brush or the feather of a quill. As soon as 
this is done^ and the parts to be soldei*ed are brought 
together^ the soldering iron should be again heated 
until it is hot enough to melt the solder freely. It 
should not only do this^ but also take up a globule of 
the melted solder and hold it in suspension until borne 
by the operator to the part to be soldered. The instant 
the soldering iron touches the surface to which the 
chloride of zinc has been applied, the solder will 
"run** and attach itself readily. It will be necessary 
to hold a strip of solder in the hand, in order to apply 
more as required. Kosin may sometimes be employed 
instead of the chloride of zinc, but as a rule the latter 
will be found preferable. In connecting copper wire 
with zinc plates, the solution of chloride of zinc may 
advantageously contain an excess of acid; in fact^ 
hydrochloric acid alone may be employed in the same 
way as the chloride of zinc. Small' articles may be 
united with soft solder by the aid of the blowpipe. 
In this case the solder should be hammered flat, and, 
after being scraped clean, cut into small pellets ; that 
is, first cutting the solder into strips and then cross- 
cutting into small squares. These pellets are to be 
placed upon the article to be soldered (after the parts 
have been scraped as before, and the chloride of zinc 
applied), and a jet of flame gently blown upon the 
article with the blowpipe will readily unite the parts. 

64. All goods which are to be plated or gilt should 
be placed in the bath as soon as possible after being 
cleaned or scratch-brushed and rinsed : if they are 
rllowed to remain long in water, or exposed to the air, 
a film of oxide is formed upon the surface of the metals, 
and which, however slight, has a tendency to prevent 
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the gold or mlfrer adliering fimilj to ilie metal to be 
ooaied« It is not a good plan to prepare too many 
articles at one time for the bath^ allowing them to re- 
main in water until a qnantitj is read j : it i« better to 
get them into the bath as quieklj b» pomble, a few at 
a time^ of coarse taking care that the sarfisice of anode 
exposed and the battery power are r^;alated according 
to the surface of goods immersed in the bath at one 
time* When the number of things in a bath is in- 
a'eased^ the anode must be lowered and the battery 
power rendered more yigorons. As we hare said before^ 
silver and gold do not receive the deposit of these metals 
so freely as copper^ brass, German silver, &c« ; therefore, 
when these metals have become coated to a certain extent 
with the superior metals, the battery power may be 
judiciously augmented and the sur&ce of anode in- 
creased. 

66* A very Useful solution of silver or gold for 
plating or gilding without the aid of a battery may be 
made as follows :— 

Take, say, 1 ounce of nitrate of silver dissolved in 
1 quart of distilled or rain water« When thoroughly 
dissolved, throw in a few crystals of hyposulphite of 
soda, which will at first form a brown precipitate, but 
which eventually becomes redissolved if sufiScient 
hyposulphite has been employed* A slight excess 
of this salt must, however, be added. The solution 
thus formed may be used for coating small articles of 
steel, brass, or German silver, by simply dipping a 
sponge in the solution and rubbing it over the surfiEU^ 
of the article to be coated. I have succeeded in coating 
steel very satisfactorily by this means, and have found 
the silver so firmly attached to the steel (wh^i the 
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solution has been carefiilly made) that it has been re- 
moved with coiijiiderable difficulty. A solution of gold 
may be made in the same way, and applied as described. 
A concentrated solution of either gold or silver thus 
made may be used for coating parts of articles which 
have stripped or blistered, by applying it with a camel- 
hair pencil to the part, and touching the spot at the 
same time with a thin clean strip of zinc. 

66. To the practical electro-plater, and even the 
amateur, it may be useful to become acquainted with 
the art of " hard soldering,'' as it is termed ; and as 
there is frequently, especially in small provincial towns, 
a difficulty in getting even a small job executed with 
dispatch, we will give the reader a few hints upon the 
manipulation of this process. 

** Hard soldering " consists in uniting any two metals, 
or parts of the same metal, by means of an alloy com- 
posed of two parts of silver to one part of brass. The 
silver and brass should be melted together as follows : — 
Having obtained a broad piece of good charcoal, scoop 
out a slight hollow on the flattest surface to receive the 
aUoy. Now place the metals in the hollow, and fuse 
them by means of a blowpipe, using either a jet of gas 
or an oil lamp with a good broad wick. As soon as the 
metals become hot, touch them with a crystal of borax 
(borate of soda), which will immediately fuse, and act 
as a flux. The jet of flame must now be vigorously em- 
ployed imtil the metals are completely fused. The 
fusion may be continued for a few momenta in order to 
ensure perfect amalgamation. When the ** button'' of 
solder is well melted, the flat surface of a hammer may 
be placed quickly upon it, by which means it will be- 
come flattened ; in this form it may be readily beaten 
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out (unless a pair of steel rollers are at band) nntfi 
sufliciently thin to cut with a pair of jfwellers' shears. 
The solder can be hammered or beaten out upon any 
solid iron surface ; but^ as each time the blow is given the 
alloy becomes harder, it will be necessary from time to 
time to anneal it, ix.^ place it again upon the charcoal, 
and apply the blowpipe flame tmtil the alloy is of a 
^^ cherry-red ** heat ; it must then be plunged into cold 
water, and is ready for beating out or rolling, as the 
case may be. The object being to make the solder as 
thin as ordinary card, or even thinner, when the ope- 
rator is without a pair of roUers he must une the next 
best substitutes — a hammer and patience. The solder, 
before being used, must be scraped with a keen steel 
edge, and then partly cut into thin strips, and these 
again cross-cut into small pieces or pellets about one- 
sixteenth of an inch square. These pellets may be cut 
when required for use, or kept in a dean box used for 
the purpose. The operator should next provide him- 
self with a clean piece of slate, say about three inches 
square, and a small phial filled with water, and having 
a cork with a small groove cut in it from end to end. 
The bottle is used to apply moisture a drop at a time, 
whilst a large crystal of borax is rubbed upon the slate. 
By this means a thick creamy paste of borax is obtained 
upon the slate, which will be used as directed presently'. 
The parts to be united or soldered must now be scraped 
clean wherever the solder is expected to adhere^ and, with 
a camel-hair brush or quill feather dipped in the borax 
paste, brush over the parts to be soldered. A few 
pellets of the solder may be placed on the dry comer of 
the slate, and with the extreme point of the brush 
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moistened by the paste one pellet at a time may be 
readily taken up^^and placed upon the prepared surface 
of the article. Ihe article should be placed upon a flat 
piece of charcoal (made flat by rubbing on a flag-stone), 
and, if necessary, tied to it by thin " binding wire." 
A gentle blast of the blowpipe will at first dry the 
borax, and the flame must then be increased (holding 
the blowpipe some distance from the flame, in order to 
give a broad jet), and in a few moments, if the .jet is 
favourable, the solder will " run," as it is termed, into 
every crevice, and the blowpipe must be instantly with- 
drawn. A very little practice will make the operator 
expert in this interesting art, and it will be advisable 
for him to practise upon articles of little value until he 
has not only acquired the use of the blowpipe, but also 
the proper kind of flame to make the solder run freely. 
After an article has been hard soldered, it is allowed to 
cool, or may be at once placed in a weak solution of 
sulphuric acid (a few drops of acid to an ounce of water), 
which, after a few moments, will dissolve the borax 
flux which remains after the soldering is complete. 
The article should now be rinsed in cold water and 
dried. 

In carrying out the above operation, it would be well 
to be provided with everything necessary for the pur- 
pose (and, in fact, this should always be the first con- 
sideration of the student in practising a new art), as the 
absence of any requisite would not only entail dis- 
appointment, but failure. 

67. When a zinc plate is imperfectly amalgamated, 
local action will set in, and the zinc element becomes 
powerfully acted upon by the acid employed in the 
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battery. When this is the case, there is evolution of 
gas from the battery cell. The zinc ])late must be with- 
drawn and re-amalgamated^ the part most acted upon 
being particularly attended to. When a single zinc 
plate and two copper plates are used, this local action 
will take place if the copper and zinc elements are too 
close to each other, in which case the zinc plate gene- 
rally becomes most freely dissolved towards the centre, 
but at the upper part of the plate. 

68. In order to prevent the zinc plate being ctU off 
or dissolved at that part which is between the atmo- 
sphere and its contact with the acid solution, it is ad- 
visable occasionally to add a little more water to the 
battery, so as to bring the solution higher up the plate. 
It is also a good plan to raise the plates a few inches 
out of the bath occasionally, or to stir the acid solution 
gently with a stick. 

59, When there is a want of activity in the battery 
(the acid solution being in good order), it may be as 
well to look to the connections. The binding-screws 
may require cleaning (a smooth file being used for the 
purpose, or a piece of emery-cloth wrapped round a flat 
piece of wood), and the ends of the wire should be well 
rubbed with emery-cloth. 

60, When certain parts of an article require to be 
gilt whilst others are to be left silvered, it will be 
necessary to apply certain preparations to the parts to 
be protected. For this purpose many preparations are 
used. A solution of gum copal or mastic may be ap- 
plied with a camel-hair brush ; but, unless these var- 
nishes are tolerably thick, they are apt to run. The 
composition described at page 59 may be used for this 
purpose, but it will not be safe to use it in hot solutions. 
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In some cases a strong solution of shellac in alcohol 
may be used to cover certain parts of an article which 
require protection. 

61. In gilding chains, brooches, pins, rings, and 
other articles which have been repaired, i.e., hard 
soldered, sometimes it is found that the gold will not 
deposit freely upon the soldered parts ; when such is 
the case, a little extra scratch-brushing applied to the 
part will assist the operation greatly, and I have some- 
times found that dry scratch-brushing for an instant — 
that is, without the stream of beer usually employed^ 
renders the surface a better and more uniform conductor, 
and consequently it will more readily receive the de- 
posit. In fact, dry scratch-brushing is very useful in 
many cases in which it is desirable to impart an arti- 
ficial coating of brass upon an article to which silver or 
gold will not' readily adhere. In scratch-brushing 
without the employment of beer, or some other liquid, 
however, great care must be taken not to continue the 
operation too long, as the minute particles of metal 
given off by the scratch-brush would be likely to prove 
prejudicial to the health of the operator were he to 
inhale them to any great extent. 

62. In gilding or silvering steel articles by the pro- 
cesses described in paragraph 55, it will be necessary to 
clean them with a little diluted potash in order to re^ 
move grease ; and if the articles are polished steel, the 
friction applied must be brisk, when first employing the 
solution, to ensure an even coating. Penknives, scissors, 
razors, and other similar goods may be lightly coated 
with either gold or silver by the solutions described, 
but it must be understood that the coating is more for 
beauty than for wear. K properly done, however, the 

o2 
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coating will last a considerable time without re* 
moval. Needles gilt and silvered in this way are rery 
agreeable to work with, and form an elegant article 
for ladies' use. 

68t As cyanide of potassium, which is so extensively 
employed in electro-metaUurgy, is a highly poisonous 
substance, the apartments in which electro-gilding and 
plating are conducted should be well ventilated, and 
the solutions always be placed in such a position 
as to be nearest the window or chimney. Breathing 
an atmosphere impregnated with the vapour arising 
from the gilding and plating baths is unquestionably 
prejudicial to health, therefore the reader cannot be too 
particular in the matter of ventilation. A little liquid 
ammonia occasionally poured on the floor is advisable, 
especially in very hot weather, 

64* In reducing old solutions by means of sulphuric 
acid, it must be borne in mind that the fumes are highly 
poisonous, and must not be inhaled in the slightest 
degree. The operation should be conducted either in 
the open air, or where there is a good draught to carry 
off the fumes. Beyond the current created by an open 
window and door, there should be no motion in the 
apartment, so that the fumes may be allowed to escape 
without being diffiised. It must be remembered, how- 
ever, that the fumes (consisting greatly of carbonic acid) 
are very dense, consequently it will be necessary to 
allow them to escape from the Umer part of an apart- 
ment ; they must not be expected to make their exit 
from an aperture aAove them. 

65. In " colouring *' gold of inferior quality, that i« 
to say, below the English standard (18-carat gold), the 
following mixture may be used with success, and, if 
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carefully employed, even 12-carat gold may be coloured 
by it :— 
Take 

Nitrate of potassa (saltpetre) . • 4 ounces 

Alum 2 ,y 

Common salt • • • • j 2 „ 

Add sufficient warm water to mix the ingredient into a 
thin paste ; place the mixture in a small pipkin or 
crucible, and allow to boiL The article to be coloured 
should be suspended by a wire and dipped into the 
mixture, where it should remain from ten to twenty 
minutea The article should then be removed, and well 
rinsed in hot water, when it must be scratch-brushed, 
again rinsed, and returned to the colouring salts for a 
few minutes ; it is* then to be again rinsed in hot 
water, scratch-brushed, and finally brushed with soap 
and hot water, rinsed in hot water, and placed in box- 
sawdust. The object being merely to remove the alloy, 
as soon as the article has acquired the proper colour of 
fine gold, it may be considered sufficiently acted upon 
by the above mixture. The colouring salts should not 
be used for gold of a lower standard than 12-carat gold, 
and even for this quality of gold some care must be 
taken when the articles are of a very slight make. 

66., The process of hardening and tempering small 
steel implements, such as drills, scrapers, gravers, bur- 
niflherB, Ac, may be aseful to persons liying away from 
large towns; therefore I have thought it prudent to 
give an outline of the method to be pursued. The pro- 
cess of hardening and tempering will apply to any steel 
tool, of any dimensions', but we will take a small chisel 
as an example. The blade of the chisel should be re- 
moved from the haft or handle, and^ the lower end 
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being Iield by a pair of pliers, the blade is to be placed 
in a brisk fire until red hot ; it is then to be removed 
and aUoired to oool for afew momentfl, and then dipped 
into cold water. The next thing to do is to file the 
blade into the required shape, finishing the filing with 
a smooth file* When this is done (a vessel of cold 
water being at hand), the blade is to be again returned 
to the hottest part of the fire, and allowed to become 
fvkUe hot^ i.e., as hot as afierce fire will make it ; and as 
socm as this is done withdraw it quickly with the pliers^ 
and plunge it instantly into the vessel of cold water. 
If this has been done properly, on passing a file over 
the sharpened sur&ce of the blade it will be found to 
have no effect upon it ; in &ct, the blade has become so 
hard that the file will not make any impression uponit. 
The upper sur&ce of the blade should now be polished 
by rubbing it upon a sheet of emery-cloth moistened 
with oil, and then wiped with a piece of rag. The 
blade now requires to be tempered^ i.e., reduced in hard- 
ness. TIus IB done by holding the sharpened edffe of 
the blade with the pliers, and placing it in the fire 
until the polished surfsu^ of the steel changes colour. 
The surface nearest the handle will soon assume a blue 
colour, and an orange tint immediately following it, 
towards the upper end of the blade. At this, point 
great care is required, or the instrument will be over- 
heated and too soft ; therefore, as soon as the orange 
tint makes its appearance within an inch of the sharp 
edge of the blade, withdraw it from the fire and examine 
it quickly ; if the extreme edge is of a pale straw-colour, 
dip the blade instantly in cold water ; but it must be 
understood that the straw-colour should be visible at 
the extreme point, or edge, of the tooL When such is 
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the case, the tempering is complete. The next process 
is to sharpen it upon a good Turkey stone, and it is 
ready for use. In hardening and tempering very small 
tools, such as drills, they may be more safely tempered 
by dipping them, point upward, in hot sand, by which 
means they are less likely to become over-heated. Some 
persons prefer dipping such tools into oil rather than 
water after removal from the fire ; others, again, employ 
dilute sulphuric acid. It must be borne in mind, how- 
ever, that in hardening steel the greatest heat is re- 
quired in the first instance, and in the second, the 
greatest cold we can obtain. Upon these extremes, 
properly applied, depends the success of the ope- 
ration. 

67. A battery which has been somewhat commended 
it may be as well briefly to mention. It consists in 
using a saturated solution of bicromate of potassa, with 
a quarter part sulphuric acid, in the carbon cell of a 
Bunsen's battery (see p. 80) ; and dilute sulphuric acid, 
or saturated solution of sal ammoniac, in the zinc cell. 
Although this battery, or rather modification, has some 
advantages, it has yet to be further developed before it 
can safely be recommended for practical purposes. 

68. A process of coating metals has been suggested 
by M. Weil, and for some purposes it may be employed 
with advantage. M. Weil's object is to avoid the use 
of cyanide of potassium and the battery, the first being 
deleterious, and the second expensive. His process 
may be briefly described as follows : — ^Instead of em- 
ploying cyanide, he takes solutions of oxide of metals 
with the addition of organic matter — tartaric acid, albu- 
meuy or glycerine, to prevent the precipitation of the 
oxides by the fixed alkaUes. A solution thus formed 
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may be used either hot or cold. For a coppering 8olu« 
tion^ he recommends the following formula : — 

Sulphate of copper Z60 graxnmef • 

Diflflolye in hot water and allow to cool . • 10 litres. 
CryBtallized Bochelle lalt (potaaaio-tartrate of 

■oda) 1,500 gnunmei. 

Canstio soda (containing 50 to 60 per cent, free 

8oda)* 800 IP 

The articles are to be suspended by zinc wires, or a thin 
strip of zinc may be attached to them when in solution ; 
and when it is remembered that this process is inde- 
pendent of the battery, the solution will require renew- 
ing from time to time. To accomplish this^ M. Weil 
proceeds as follows : — 

The zinc which the solution has acquired must be 
precipitated by sulphide of sodium (prepared by fusing 
soda with sulphur) gradually, as an excess dissolves the 
precipitate formed by the sulphide of soda. When the 
zinc has been precipitated as above directed, the solu- 
tion must be allowed to settle, and the clear liquor 
poured oS. The solution is then to be resupplied with 
a solution of sulphate of copper, as before. 

It is stated that copper deposited in this way adheres 
very firmly to iron. 

Zincing by the above process is carried out by forming 
a concentrated solution of potassa or soda, which must 
be heated to 100^ 0., a piece of metaUic zinc being placed 
in the solution in contact with the article to be coated* 

True bronze, that is, a mixture of tin and copper, 
may be deposited by the above process, by adding to 

* Gaiutic Boda ia prepared by diasolving 12 parts of ordinary soda 
in hot water, and then adding, gradually, 2 parte of lime recently 
alaked. The liquor ahould be boiled for an hour, and allowed to cool 
and settle ; the clear liquor being decanted for use. 
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the copper bath before described stannate of soda or 
bichloride of tin, previously treated with the solution of 
soda. The metal to be coated must be in contact with 
zinc. 

69. A new constant battery has been suggested by 
Mr. A. Reynolds^ in which a solution of perchloride of 
iron is used as an exciting fluid, and metallic iron as 
the positive electrode. 

70* Copper may be coated with antimony, as fol- 
lows : — ^Dissolve 1 ounce protochloride of antimony (but- 
ter of antimony as it has been called) in 1 pint of spirit 
of wine; now add hydrochloric acid until the solutionis 
clear. The article to be coated, being previously cleaned, 
will receive a bright coating in about an hour. Cast 
iron must be previously coppered by any of the pro- 
cesses before described, and will then receive a coating 
of antimony from the above solution. 

71* As the refining of gold and silver is so closely 
connected with the electro-plater's art, the following 
hints may prove serviceable, it is hoped, to those imac- 
quainted with the art of separating the precious metals 
from their alloys. An alloy of gold, silver, and copper, 
should be thus treated : — Suppose the aUoy to be what 
is called "jewellers* gold," or the material with which 
cheap jewellery is made, and which, being unfit for use, 
is " only fit for the melting-pot." The alloy is first to 
be melted in a crucible with one-third of its weight of 
silver, a little dried potash or borax being used as a 
flux ; when the alloy is well melted, it is to be poured 
into a vessel of cold water, which must be briskly stirred 
during the operation ; and it is well to have a few small 
pieces of straw, or short sticks, floating on the surface 
of the water at the time, the object of which is to assist 

63 
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the process oi granulation. The alloy will now be found 
at the bottom of the vessel in small grains, which must 
be carefully collected, and in order to be certain that 
there is no waste, the alloy should be weighed before 
and after melting and granulation. With ordinary 
care scarcely any difference will be observed. The 
grains must now be put into a clean Florence flask, or 
other suitable vessel, and dilute nitric acid (1 part acid 
to 2 parts water) poured upon them : the grains should 
be allowed to digest for several hours; and, in order to 
promote chemical action, it will be advisable to place 
the flask upon a ''sand-bath'' or near the fire, but this 
may not be necessary until towards the end of the 
operation. The gold will now be found at the bottom 
of the flask, in the form of a brown powder or brown 
spongy lumps; but, in order to secure the entire 
removal of the alloys, it will be necessary to decant the 
solution of silver and copper in the nitric acid into a 
separate vessel, to be afterwards treated, and fresh nitric 
acid should then be poured on to the gold, and heat 
applied as before, to ascertain whether the alloys have 
been effectually removed. If red fumes are still given 
off in the flask, the separation has not been complete, 
and the action must be kept up imtil the red Aunes 
cease to appear even at a boiling temperature. When 
this is the case, the acid solution must be again poured 
off, and the gold well washed with hot water, to remove 
any trace of silver or copper which may be in its 
interstices, especially if it is in a spongy form. At this 
stage the brown deposit or mass of gold is pure, and 
merely requires to be melted into a button with borax 
or potash. 

The solution of silver and copper may next be 
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treated — the silver being thrown down by strips of 
copper; and^ to ascertain whether all the silver has 
been precipitated by the copper, a small quantity of the 
solution may be placed in a glass, and a drop or two of 
hydrochloric acid or a solution of common salt applied ; 
when, if any silver remains in solution, it will assume a 
milky appearance ; if such is not the case, the cupreous 
liquor may be poured off, and the reduced silver well 
washed with hot water several times. The silver should 
then be dried and fused, a little dried potash being 
mixed with it previous to placiog it in the crucible. 
The silver may then be granulated^ as before, or cast in 
a mould of suitable size ; and, being rolled out, will 
serve as an anode. 

It must be imderstood that the above is but a trifling 
sketch of the principles of refining in the moist way ; 
yet it is hoped that the reader will learn therefrom 
enough to enable him to pursue the art of separating 
gold and silver from their alloys for his own purposes. 

When gold and silver are alloyed, or mixed with 
copper, brass, iron, &c., as in the case of jewellers' 
waste, filings, &c., the waste, being previously burned 
in an iron pan to destroy any organic matter present, 
should be well mixed with a little dried potash, and 
melted in a crucible. When perfectly fused, a few 
crystals of nitrate of potash (nitre of commerce) must be 
dropped into the crucible from time to time, which 
will remove from the gold and silver whatever copper 
or iron may be present, if sufficient nitre has been em- 
ployed. The nitre must, however, be added cautiously; 
otherwise, if there be organic matter present, the flux 
may rise above the melting-pot, and, overflowing, carry 
part of the metal with it. It will be necessary to watch 
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the operation closely, and if the flax, Ac,, appear likely to 
overflow, a small quantity of dried common salt thrown 
into the crucible will check the ebullition, and tend to 
keep the metals and flux to the lower part of the yessel. 
When the operation is complete, the melting-pot or 
crucible must be withdrawn from the fire and set aside 
to cooL When cold, the pot must be broken at the 
base with a hammer, and the *' button " of metal with- 
drawn. The button must now be again melted, as before 
described, with borax or potash, and granulated, the 
grains being treated as before, to remove the silver and 
copper. 

As the above details are intended for the use of those 
who may be unacquainted with the art of refining, it is 
hoped that they may be found sufficient to enable the 
beginner to commence a study of a most interesting and 
important branch of industry. 

72. Cyanide should seldom be added to a bath, 
whether of gold or silver, when the anode, being at 
work, is clean and uniform in appearance. It is always 
objectionable to have too great an excess of this salt in 
the bath ; therefore it should never be added until the 
batteries and their connections have been well ex- 
amined. Sometimes, when the battery is somewhat 
exhausted, the anodes become slightly discoloured, 
especially if a larger surface of goods is exposed than 
is proportionate to the surface of anode ; in such case, it 
will be necessary to increase the activity of the battery 
rather than to add cyanide to the bath. Cyanide is a 
good friend, but a bad foe. All that a good bath re- 
quires is a slight excess of cyanide, if the battery is in 
good order and but little organic matter has accimiu- 
lated in the bath. When, on the othei hand, the bath 
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has acquired a good deal of organic matter (under 
wMch condition it is generally preferable to a new 
bath), it will require a greater excess of cyanide^ and 
tliis excess, under such circumstances, will be very 
beneficial. An old or well- worked bath will bear a 
much larger amount of cyanide, in proportion, than a 
new one. 

73. Old steel dessert-knives, which have been ^^close- 
plated,'' or solder-plated, as it is termed, will sometimes 
give the operator a good deal of trouble before he can 
deposit a sound coating of silver or gold upon them* 
Suppose the old silver has been stripped off, and the 
solder removed, the author has more than once found 
that a very serious difficulty has arisen when the articles 
have been coated either with gold or silver, or with 
copper, previous to coating with the other metals. For 
instance, a dozen dessert-knives, having been stripped 
and well cleaned, were placed in the alkaUne copper 
bath. After an hour's immersion, the articles were re- 
moved from the bath and examined, when it was found 
that in every part of each blade, from heel to point, the 
blades were found to be cracked, exhibiting fissures in 
some cases nearly -^th of an inch wide. These cracks 
pervaded each blade in almost every part, and it was 
some time before the cause of these remarkable flaws 
could be traced. In examining the interior of the 
cracks, it was found that the copper was freely deposited, 
and, the coating becoming thicker and thicker, the 
deposit of copper Joreed open the cracks (although at 
first invisible), until they assumed the alarming appear- 
ance we have described. It must be remembered that 
the numerous points which the fi'actured metal presented 
would greatly favour the deposit in those parts, in pre 
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ference to the plain surfaces, and hence the opening of 
the invisible flaws in the metal as the deposit thickened. 
The same result has occurred in certain articles of 
wrought steel of bad quality ; and when we bear in mind 
that the processes of grinding and polishing disguise 
such defects in steel, it must not be expected that they 
will show themselves until some time after deposition has 
begun. In order, however, to prevent, as far as possible, 
the flaws we mention from opening during deposition, 
we recommend that the first coating should be allowed 
to take place almost immediately after the article is 
immersed in the bath, and as soon as this is done, the 
article should be quickly rinsed, scratch-brushed, and 
returned to the bath. Again, it will be advisable to 
employ a tolerably weak bath at first, with good battery 
power, and after the articles have received a preliminary 
coating under these conditions, they may then be more 
safely allowed to remain in the bath until the required 
amount of metal is deposited. 

74. When wooden vessels are employed for plating, 
they should be well saturated in boiling water for a few 
hours, or even days, before the solution of silver is 
poured in ; as, independent of the absorption of silver by 
the wood, if it is well moistened with water, the interstices 
are not so readily acted upon by cyanide. 

76» Gutta-percha vessels or linings of gutta-percha 
should never be used for a silver bath under any cir- 
cumstances, as the cyanide acts upon gutta-percha and 
the adulterants with which it is always, more or less, 
contaminated. Nitrate of silver, also, acts upon gutta- 
percha, as most photographers are aware ; and, there- 
fore, it will be absolutely necessary to avoid using 
gutta-percha in contact with either cyanide of potassium 
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or nitrate of silver. I have known more than one 
instance in which a silver bath, being destroyed by a 
gntta-percha lining, has been reduced by sulphuric 
acid ; and, soon after the acid has been applied, the 
gutta-percha has been set free, and has floated in the 
solution in clots of considerable size. 

76. ^hen the operator's hands have become injured 
by coming in contact with cyanide (which is frequently 
the case if there is an abrasion of the skin), it is a good 
plan to dip ihem for a few moments in very dilute 
sulphuric acid (20 drops in a tumbler of water), and 
then rinse them well. The hands should then be well 
soaked in tolerably hot water, well dried, and finally 
saturated with oil or grease of some kind. The author 
has frequently suffered from sores occurring under each 
nail of both hands, in consequence of neglecting to wash 
the hands immediately after immersion in a solution of 
cyanide. The electro-plater should be careful to avoid 
this, as sores thus formed are difficult to heal, and cause 
great pain to the part affected. 

77. Copper or brass wire should never be bent or 
twisted more than once or twice without being annealed. 
When the wires used for slinging goods, or the wires 
proceeding from the electrodes of a battery, have been 
used more than once, they are apt to become brittle 
where they have been bent, and are liable to break ; it 
is better, therefore, occasionally, to make the wires red 
hot, and, when cool, stretch them out by drawing them 
several times across the edge of a board, by which means 
they will readily become straightened. The wires 
should then be passed through a piece of emery-cloth, 
to clean them. The ends of slinging wires, however, 
which have become coated with silver, should first be 
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dipped for a few moments in the hot stripping solution 
(p. 66), and finally treated as above. 

78* The moment the zino plate of a battery evolves 
gas, accompanied by a hissing noise, the plate should 
be withdrawn and at once re-amalgamated; for^ as soon 
as local action sets in, the current becomes greatly 
diminished ; added to which, if allowed to continue, the 
zino plate will soon be destroyed, without accomplish- 
ing its task. It is not uncommonly the case that local 
action begins on the first day that a battery is set in 
action ; and, therefore, in order to remedy this defect as 
early as possible, the battery should be carefully 
watched, and the zino plate removed the instant efier- 
vescence is observed in the battery-cell. 

70« In order to ascertain whether an article is made 
of gold, if a doubt arises, a simple plan is to rub a por- 
tion of the article upon a piece of slate, Wedgewood 
ware or Turkey stone, and then apply a single drop of 
nitric acid by touching the part with the stopper of the 
bottle. If the acid produces- no effect, the article may 
be considered gold. A very inferior alloy of gold, 
however (12-carat gold), will stand this tost; but its 
colour will act as a guide, as it will fail (except when 
electro- gilt) to present the rich yellow colour of good gold. 
When a " common gold '* article has been strongly gilt, 
it will be advisable to pass a keen but smooth file over 
a small part of the article, and then apply the nitric 
acid to the part, when, if the article is not genuine, the 
characteristic green tint of nitrate of copper will at 
once show itself. As it is commonly the practice to 
designate articles manufactured from '' plated '' metal 
(i.e., gold and metal united and rolled out into thin 
sheets) ''fine gold,'' the electro- gilder should make 
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himself acquainted, if he is not so already, with the 
various kinds of genuine and spurious gold in com- 
merce ; otherwise, should an accident occur to an article, 
he may lose more than he has a right to do; and, 
again, plated articles require a somewhat different treat- 
ment to that which is applied to articles of genuine 
gold. In applying the term " genuine gold,*' we sup- 
pose we must be understood to mean such articles as 
are made of an alloy of gold which will stand the test 
of nitric acid, if only to contradistinguish them from 
plated-gold articles. An instance once occurred to the 
author in which, by mistake, he placed two "gold" 
brequet or Albert chains in a jar containing nitric 
acid, instead of dipping them into a vessel of warm 
water, which stood beside it. Being^away for an hour, 
on returning to the gilding-room it was found that the 
nitric acid had entirely removed all trace of the bre- 
quets, except a thin shell of one of the links, which 
floated upon the surface of the acid, and a dark-brown 
powder which had deposited in the vessel. On pouring 
off the acid, and washing the precipitate, which was 
found to be almost pure gold, it at once became evident 
that the so-called gold brequets (which had been in- 
Toiced at 55«. Qd. each, wholesale price) were, in fact, 
made of plated metal, but of so good a quality that 
a very good judge might readily have been deceived. 
The object of the above remarks is to place the electro- 
gilder on his guard. He should also endeavour to 
satisfy himself whether an article is really gold; or an 
alloy of gold, or plated, before preparing it for the bath, 
as, if it is gold, it will require as a rule a rather stronger 
current, and a larger surface of anode exposed in solu- 
tion, than an article made of plated metaL 
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80. The back parts or hollows of casts^ or '' struck '* 
work, will sometimes be troublesome to gild or silver, 
more especially because these surfaces must of necessity 
be kept at a distance from the anodci and besides which 
a concave surface (even if placed directly facing the 
anode) always receives the deposit more tardily than a 
convex surface. It will be necessary then, in order to 
aid the deposition upon the hollow surfaces, to keep the 
articles moved in the bath when first immersed, by 
which means all surfaces will receive the deposit alike, 
and the deposition which takes place after will be in 
the order required — ^that is, the outer surfaces will re- 
ceive the greatest amount of metal, and the inner sur- 
faces, or hollows, the least, but still sufficient for all 
purposes. If this precaution is not adopted, it is quite 
possible that the exposed surface of the article will 
be well coated, whilst the hollows will scarcely be 
coated at all. Nothing ensures uniformity of deposit 
so much as gentle motion in the bath, and in some 
manufactories an apparatus has been applied for keeping 
articles, while suspended in solution, in a constant but 
gentle state of motion — a practice very highly to be 
conmiended, upon principle, if it can be carried out 
with economy. 

81. The effect of motion whilst an article is receiving 
the deposit is most clearly seen during the operation of 
gilding. If a watch-dial, for instance, is placed in the 
gilding-bath, and allowed to remain for a few moments 
undisturbed, if the solution of gold has been much 
worked, it is probable that the dial will acquire a dark 
red or " foxy " colour ; but if it is quickly moved about, 
it instantly changes colour, and will sometimes even 
assume a pale-straw colour. In fact, as we have before 
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observed, tlie colour of a deposit may be regulated 
greatly by motion of the article in the bath — a fact which 
the operator should study with much attention when 
gilding. In depositing brass from its solutions, the 
effects of motion are even more remarkable ; for, by 
keeping the articles moved, copper alone will be de- 
posited, whilst, on the other hand, if stationary, a 
proper alloy of copper and zinc will be obtained. 

82. As there is always a deposit or sediment of some 
nature at the bottom of a bath, whether of gold or silver, 
the articles to be coated should never be immersed so 
deeply in the solution as to come in contact with this 
deposit. If spoons and forks, tiSr instance, are allowed 
to reach nearly to the bottom of the bath or solution- 
vat, every time they are lifted up or lowered the small 
particles which had settled at the bottom of the vessel 
become disturbed, and resting upon the articles, will 
prevent the deposition of silver taking place wherever 
these particles are present, thus causing an irregularity 
of surface. As it frequently happens that small par- 
ticles of silver fall off the surface of the anode, these 
will sometimes, if the sediment is disturbed, as we have 
pointed out, rest upon the lower parts of the work, and 
the deposit will take place aver them, and when sub- 
mitted to the scratch-brush the silver will strip or peel 
off; or, if the deposit is very thick, the bowls of spoons 
or prongs of forks, or such sur&ces as are nearest the 
bottom of the bath, will be exceedingly rough, more 
especially as deposition always takes place more freely 
at the lower surface of the solution. There should^ 
therefore, always be a certain distance between the 
lower end of articles in solution and the bottom of the 
vessel in which they are coated. 
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83. As pure silver is more easily oxidised, or tar- 
nishedy than standard silyer, electro-plated articles 
should always be carefully protected from the atmo- 
sphere, especially if it be moist or vitiated. Electro- 
plated goods must always be kept well wrapped up, and 
in a perfectly dry situation ; otherwise oxidation soon 
sets in, and the goods become imsightly and unsaleable. 

84. Although a silver bath is improved by acquiring 
a moderate amount of organic matter, yet the operator 
should be carefid not to suffer this accession to the 
bath to take place either too suddenly or in large 
quantities at a time. For instance, if candlesticks, 
which generally are fiUed with a compound of rosin or 
pitch, are placed in the solution without being pre- 
viously freed from these substances, the cyanide will 
dissolve a considerable portion of the composition, and 
the conductibility of the solution is thereby lessened to 
some extent. In a moderate degree, the presence of 
such matter in a bath is an advantage ; but it should 
never be allowed to enter the batli in large quantities 
at a time.. A new bath which suddenly acquires a 
quantity of organic matter in the way we have de- 
scribed is apt to work sluggishly and with irregularity, 
and not unfrequently the deposit becomes coarse and 
spotted. On the other hand, a bath which in the 
course of several months has absorbed a small amount 
of organic matter (which will cause it to assume a dark- 
reddish colour) will give a much finer and brighter 
deposit than a bath newly made; and, at the same 
time, goods plated in it will be less liable to strip than 
when plated in a new bath. 

The same observations do not apply to a gilding bath, 
which is generally worked hot, and, besides which, the 
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colour of the deposit is of the first importance. The 
presence of organic matter in a gold bath tends to 
deepen the colour; and if in great excess^ the work will 
frequently assume a foxy-red tint, and this^ in some 
cases, would be highly prejudicial. It is better, there- 
fore, to keep the gold solution as free as possible frx)m 
organic substances ; and as one of the chief causes of a 
gold bath acquiring organic matter is the imperfect 
rinsinff of articles after acratch-brtishingy whereby the 
beer used in the operation of scratch-brushing becomes 
washed out of the interstices of the article when in the 
bath, it is adyisable not only to rinse all articles well 
before gilding, but in fact they should always receive a 
final rinsing in perfectly clean hot water. It is not an 
uncommon practice for electro-gilders to rinse many 
articles, after being scratch-brushed, in the same 
water, and to transfer them directly to the gilding 
bath. Now this is highly objectionable: the water 
should be frequently changed, and when we consider 
the difference between investing a little trouble in 
renewing the rinsing water ancl making up a fresh 
gold solution, it will at once become apparent that the 
former will be most likely to yield an advantage. 
Again, a gold solution which has been worked a long 
time without becoming discoloured (the discoloration 
generally being due to organic matter) is far better 
than a new solution, and, for most purposes, will pro- 
duce better results ; but as soon as the solution becomes 
charged with the impurities referred to, its action is 
uncertain and irregular. It is to be hoped that the 
less practical reader will bear these observations in 
mind, that he may experience as little disappointment 
as possible in his operations. 
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^ 85. As lead edgOA or mounts of cruet-frames^ candle- 
Btickfl, eoy.framea. and similar plated goods are very 
troublesome to electro-plate^ except in the hands of a 
very experienced person, it is frequently advantageous 
to adopt a plan commonly pursm^y namely, to have the 
edges cast in brass or German silver, the old edges or 
mounts removed, and the newly-cast edges soldered upon 
the article. By this means all difficulty is removed, 
and the article, when finished, is not only rendered 
more durable, but can also be more highly finished. 

86. It is a good plan for the operator to secure 
impressions in gutta-percha of all mounts, or parts of 
the same, which are likely to become serviceable to him 
at an after'^time. These impressions can be electro- 
typed by the processes described in the early part of 
this work, and at any time castings can be made from 
them which may be applicable to many useAil purposes. 
For instance, if an impression of a few inches of a 
gadroon mount be taken, and an electrotype obtained 
therefrom, and a few castings made from the electro- 
type, whenever the operator requires a few inches or 
even a part of an inch of such a mount, to supply the 
place of a broken gadroon edge, he will find the cast- 
ings of great service to him. And by adopting this 
practice, it is possible not only to accumulate copies of 
very useful, but of many very choice mounts. And from 
these electrotype copies many beautiful and useful 
articles may be formed by carefully grouping the 
impressions obtained from various articles, or parts of 
them, to form a new design of an entirely novel 
character. The author has produced some very pleas- 
ing effects by arranging alternately, for instance, a 
piece of scroll-work an inch and a quarter in width. 
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and a cornucopia of equal width, the latter being about 
two inches long. Four impressions of each being taken, 
and soldered together, formed a handsome octagonal 
salt-cellar. A circular ring of wire, connected by short 
pieces of wire to the inner surface of each " upright," 
formed a resting-place for the glass or salt vessel, 
which may be made either of blue, red, or white glass, 
according to taste. From the above hints the reader 
may glean sufficient to enable him to construct, upon 
the same principle, many articles of great beauty, and 
at the same time possessing novelty of construction, if 
not of design. Impressions of very rare subjects may 
be taken and applied in this way, and there is scarcely 
.a limit to the variety of eflfect which may be produced. 

87. A very pleasing effect may be produced upon a 
plain silver article, by sketching a design upon it with 
a good lead pencil — a name or initials, for example — and 
if the article is then placed in the gilding-bath for a 
few moments, all parts which have not been traced by 
the lead pencil, will have become gilt. When the 
article has been rinsed, gentle rubbing with the finger 
will remove the plumbago, or "black lead,'' and beneath 
the design will appear in silver. By reversing the 
operation, the design may be made to appear in gold. 
Plumbago answers well for this purpose, owing to its 
being an inferior conductor to either gold or silver, 
especially in alkaline solutions. In practising this pro- 
cess, however, care must be taken not to move the 
articles while in solution, otherwise the plumbago may 
be worked off by friction, and, consequently, the design 
will be obliterated by deposition taking place where the 
design appeared. 

88. When several articles made of different metala 
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are to be plated in the same bath^ tlie article wluch is 
the worst conductor should be put in first. Thus, sup- 
posing copper, brass, and German-silver articles are to 
be immersed, the copper article should be suspended 
first, the brass next, and the German silver last. 
At the same time, the anode must be slightly lowered 
as each article is suspended. If convenient, it is better 
to plate articles composed of one metal or alloy only, at 
the same time. 

89. Bichloride of mercury in solution has been 
recommended for amalgamating zinc plates instead of 
the ordinary method, and, in many respects, it would 
appear to present an advantage. But if zinc plates are 
cast from a mixture of zinc and mercury, they would be 
still more effective and durable, and less liable to local 
action. The alloy of zinc and mercury consists in 
melting zinc in the ordinary way, occasionally adding 
a little grease, rosin, or sal ammoniac, and, when melted, 
pour in gradually mercury in the proportion of — 
1 ounce of mercury to each pound of zinc. Zinc thus 
alloyed is exceedingly brittle, and the plates will there- 
fore require careful treatment. If well prepared, how- 
ever, these plates possess many advantages over the 
ordinary amalgamated plates. 

90. All old plated articles which have to be pumiced 
or rendered smooth with Water-of- Ayr stone, or otherwise 
prepared for plating with the aid of water (that is to 
say, not being rendered smooth by emery-cloth, &c.), 
should have a vessel kept specially for them; for 
instance, a wooden tub with a board placed across, 
in order that the particles of silver rubbed oflf by the 
pumice, &c.,"" may be collected in the vessel beneath; 
and the electro-plater cannot be too careful in saving 



CONDUCTING SURFACE. U5 

this and all other kinds of waste^ either of gold or silver. 
Many persons who have omitted to save this kind of 
waste from the commencement of their operations have 
nurtured the idea that it was useless (haying lost so 
much already !) to begin to save such comparatively 
trifling waste ; but we would strongly impress upon the 
student the great importance (when dealing with the 
precious metals) of using the utmost economy. Gold and 
silver are always recoverable, in some shape or other ; 
therefore, to allow them to escape down a gutter beyond 
the power of recovery (as many photographers do) is 
not only foolish, but wicked. 

91. A good conducting surface may be given to 
gutta-percha, wax, or other non-conducting material 
used in electrotyping, by employing precipitated silver. 
This may readily be formed thus : Make a solution of 
nitrate of silver, and place in it a few pieces of clean 
sheet zinc ; in a few hours the silver will be thrown 
down in the form of a grey powder. Any silver which 
may adhere to the zinc can be easily brushed off. The 
precipitate (which is fine silver) must be well washed 
with hot water, and then carefully drained on a filter 
of blotting paper ; it is then to be well dried at a 
gentle heat, when it is ready for use, and may be 
employed in the same way as plumbago. 

92- ^7 g^o^ metallic bronze, but more especially 
copper bronze, will form an excellent conducting sur- 
face on gutta-percha or wax. The bronze known as 
Bessemer bronze is admirably suited to this purpose. 

93. Copper ribbon may be advantageously substi- 
tuted for copper wire, more especially when large 
electrotypes have to be formed. 

94. When a mould presents many hollows or cavities 



MC KJ^ECTKO-MITALLURGY. 

ft ii ftclTisable to employ " guiding '^res," as' they are 
, to aid the deposit on these surfaces. For 
, a bunch of thin copper wires may be twisted 
the negative electrode, close to its junction with 
Ae noald, and these wires should then be bent and 
iBvved to touch each hollow or cavity, so as to fayour 
deposit at those parts. • A. very little practice will 
ike the operator skilful in this matter. 
95> A very good alloy for zinc bars (for battery 
pnposes) may be made by putting half an ounce of 
er to each pound of zinc in the crucible. The 
bars should be well amalgamated all over before 
g; and they will retain their uniformity for a 
MBHiderable time without any further application of 



It has been suggested to melt wax and litharge 
(teide of lead) together to form a good composition for 
•kctmlype moulds. Take 1 pound of wax, and 1 ounce 
•f lifliarge ; fuse them in a pipkin for half an hour ; 
tfK9D allow the litharge to subside, and pour <^ the 

liqiuid and set aside to cool until wanted. This 
km is supposed to be less liable to contract 

passing from the fluid to the solid state. 
•S7- When the "single cell" arrangement [vide p. 14) 
» cnployed for electrotyping, a stronger solution of 
mifbad0 of copper may be used than that before 
dcsmdied. For instance, take 1^ pound of sulphate of 
Mpficr, luilf a gallon of hot water, and dissolve. Thmi 
add 1 put of cold water acidulated with 4 ounces of 
anlflMBrio acid. The solution should be allowed to 
atepd for some hours until quite cold, and the dear 
Squid aeparated from any sediment^hat loay^ futemat, 
^hm ii will be ready for use. 
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98. When fumble metal is employed for making 
moulds^ care must be taken that the ingredients with 
which it is composed (p. 26) are well blended together. 
This is best secured by re-melting the alloy several 
times. When first melted, pour the alloy in detached 
globules on an iron slab, or a piece of slate will do, and 
when cold re-melt them. Do this several times to 
ensure perfect mixture. 

99. When a very stout deposit of copper is required 
for an electrotype, copper filings may be sifted over the 
deposited metal (provided the deposit is perfect), and 
the electrotype is then returned to the bath to receive 
an additional coating. The deposit will unite with the 
copper filings, when fresh filings may be added again 
and again, the mould being placed in the bath each 
time uutil the required thickness is obtained. 

100. Instead of adding sulphuric acid to the satu« 
rated solution of sulphate of copper as described at 
p. 15, Glauber's salt (sulphate of soda) may be substi- 
tuted. Take, say, saturated solution of sulphate of 
copper 2 parts, Glauber's salt 1 part, dissolved in suffi- 
cient cold water. The two solutions are to be well 
mixed together. 

101» There are few articles with which the electro* 
metallurgist has to deal that are sold in a less pure 
state than the ordinary cyanide of potassium; and in 
ordw that he may be able to estimate the money value 
of commexcial cyanide, we give the following method 
suggested by the late gifted Thornton Herapath, of 
Bristol : — * 

" The first thing to be doue in testing cyanide of 
potassium is tOiprepare a standard solution of ammonio- 

• The Chftnitff yoI. lii., p. 385. 

H 2 
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sulphate of copper or ammoiuo-nitrate of copper. A 
certain known quantity of pure crystallised sulphate of 
copper^ made by crushing the pure crystals of the shops 
in a mortar and pressing the powder so obtained 
between folds of bibulous paper, is taken and dissolyed 
in water. The solution so prepared is then to be 
diluted with water so as to. measure 2,000^-3,000, or 
more water grain measures at 60" F. Supposing 
390*62 grains of the pure sulphate to have been .token 
and diluted to 2,000 grain measures, every 100 grains 
of such solution will, of course, represent 5 grains 
metallic copper, or 6*25 grains of .the protoxide of 
copper ; 100 grains of each of the samples of cyanide 
of potassium to be tested are then dissolved in a suffi- 
cient quantity of water, and introduced into the colori- 
meters; an excess of ammonia is added, and the 
standard solution of copper is carefully added (ojri: of a 
graduated burette) to the contents of each colorimeter 
in turn, until a faint blue coloration makes its appear- 
ance in each of the solutions. The quantities of cQpper, 
or of the solutions taken, then indicate the relative 
strength and money value of the samples of cyanide 
examined. Suppose, for instance, one specimen took 
100 measures, and a second 150 measures of the popper 
solution, the relative strengths and values of such 
specimens are, therefore, as 100 to 150, or 2 to 3/' 

In order to render the above process available in the 
determination of the actual strength of, or proportion 
by weight of pure cyanide of potassium existing in the 
commercial cyanides, it is only necessary to obtain a 
small sample of ptire cyanide and to ascertain how 
much of this is required to decolorise 1 grain of copper 
in the form of ammonio-nitrate. 
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102' To those who use jewellers' rouge (red oxide of 
iron, or colcothar) in large quantities, and to whom its 
extreme fineness is of the first importance, the following 
process for its manufacture will be found highly service- 
able. By the ordinary methods of making rouge much 
care is required not only to free it from acid, but also 
from hard particles which would be highly injurious 
if not effectually separated from the article in the 
process of manufacture. To M. Vogel, jun., of Munich^ 
we are indebted for the process referred to, which is 
not only simple but certainly effective. 

Into a solution of sulphate of iron made with boiling 
water and filtered, pour a concentrated solution of 
oxalic acid, until no more yellow precipitate of oxalate 
of protoxide of iron is formed. When the liquid is 
quite cold, and deposits nothing more, the precipitate 
is washed on a cloth with hot water until the washing 
water no longer gives an acid reaction upon blue 
litmus paper. The oxalate is afterwards well drainedi 
and heated in the partially dry state on an iron plate 
or in a boiler of the same metal, over a small charcoal 
fire or even a spirit lamp. The decomposition com- 
mences at the temperature of 392^ F., and on raising 
the temperature a little the red oxide of iron is formed, 
and is found in the finest possible state. 

The rouge thus formed affords the most perfect 
security of the finest division of the product, and may 
be employed with the greatest success in polishing 
either gold or silver, and it has been found invaluable 
in the polishing of plate-glass, Daguerreotypes, and 
optical instruments. 

103* M. Yogel, jun., also turned his attention to' 
the substance known as " putty powder " (oxide of 
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tin), which he prepares by the following simple 
process : — 

A solution of commercial chloride of tin is prepared 
by pouring on 1 part of the salt 6 parts of boiUn^ 
distilled water^ and the solution is filtered through a 
cloth into a cylindrical glass vessel in order to keep 
back any foreign substances with which the chloride 
may be contaminated. Into the still hot and almost 
clear solution of chloride of tin is poured a concentrated 
solution of oxalic acid ; a white precipitate of oxalate of 
protoxide of tin is formed. After complete cooling, 
the liquor is decanted, and the precipitate washed on a 
linen cloth with cold water until the washings no longer 
give eyidence of the presence of acid on litmus paper. 

The oxalate of tin is now to be heated, dried on an 
iron plate, or in a boiler of the same metal, over a 
small charcoal fire. The decomposition of the salt 
commences at red heat, and there remains ; after the 
disengagement of carbonic acid gas and carbonic oxide, 
a quantity of oxide of tin is found in a state of extreme 
division. 

During the decomposition— which must be accelerated 
by stirring with an iron wire — the matter undergoes a 
considerable increase in bulk ; consequently, it is neces* 
sary to employ for this operation very spacious vessels, 
so as to avoid loss of product. 

With regard to quantity, we obtain 1 part of oxide 
of tin by employing 2 parts of chloride of tin and 1 
part of oxalic acid. 

It will be obvious that by the above processes each of 
the products will be in the form of an impalpable 
powder, which is of the greatest importance in polish- 
ing metallic surfaces. 
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104. Electrotypes may be bronzed by suspendibK 
them in a wide-mouthed bottle, at the bottom of wkiek 
a small quantity of sulphide of ammonium has beat 
placed. The sulphide of hydrogen which escapes wiD 
give a good bronze tint to the copper in a few m.omeaU^ 
the depth of tone being regulated by the time of ex- 
posure. 

105. A very good elastic moulding material &r 
copying objects which are very much undercut, maj fce 
made by dissolving 1 pound of gelatine in three-quuim 
of a pint of water^ over a slow fire ; when diasobej* 
add half an ounce of beeswax cut up in small pi 
This mixture should be warm, but not hot, when. 
Before applying elastic moulding materials plaster 
should always be carefully brushed over with oiL 

106* Glass vessels may be coated with copper Iqr 
the electrotype process, by simply varnishing the 
surface of the vessel, and when the varnish is 
dry, brushing plumbago well all over it. *-A.oonflnBt- 
ing wire is then attached to the varnished sorJ 
which may be conveniently done by employing a 
piece of softened gutta-percha or beeswax — taking 
to apply the plumbago to the part which unites the 
to the plumbagoed surface. 

107- In no case should an' electrotype be 
from the mould until a sufficiently stout deposit 
been obtained, otherwise the operator may be 
pointed by finding the copy break while he is se 
it from the mould. 

108. It is a good plan to allow amalgamated 
of zinc to dip into a shallow vessel containing raercaiy:; 
this vessel should be placed at the bottom of the haJtittay 
jar, and the plate allowed to rest in it while the. bMacy^ 
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18 in action. This will keep the plate well amalgamated 
for a long period^ if the process of amalgamation has 
been efficiently carried out in the first instance. The 
erolution of gas at the plate will always indicate when 
undue chemical or ''locaP^ action takes place^ when 
the plate should be at once removed and re-amalga- 
mated. 

109. Decomposition troughs for electrotyping may 
be very conveniently made by those who live in dis- 
tricts where chemical apparatus is not easily obtainable, 
by the following plan. Obtain four pieces of plate 
glass^ say two pieces 12 in. X 6 in., and two pieces 8 in. 
X 6 in. These plates of glass may be readily united 
by Canada balsam, melted gutta-percha, or marine glue 
— the two shorter plates being so placed as to form the 
ends of the vessel. A piece of stout board, 13 in. x 9 in., 
forms a bottomi and the glass vessel may be cemented 
to this first with Canada balsam, and lastly by pouring 
melted \nt>ch or asphaltum round the interior of the 
vessel, whore the glass and wood unite. Softened 
gutta-percha, fused on by means of a moderately-heated 
poker, will be a very secure and simple substitute for 
the pitch. A glass vessel thus constructed will last for 
years with moderate care, and is admirably suited for 
olectrotyping purposes. Plating solutions containing 
cyanide of potassium, however, should not be placed in 
vessels which are made of detached materials, as the 
substances employed to put them together are generally 
soluble in cyanide, not excepting gutta-percha. In a 
vessel of the size above given, several electrot3rpes may 
be made at the same time with a battery of tolerable 
power. When several electrotypes are to be produced 
in the same decomposition trough, the moulds should be 
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suspended from a brass or copper rod connected with 
the negative pole of the battery, and a stout sheet of 
copper (connected with the positive pole of the battery) 
is to be suspended in the copper solution immediately 
facing the moulds to be copied. 

HO. When the mould is first placed in the solution 
of copper, only a very small surface of the copper anode 
should be immersed at first — a surface about equal to 
the amount of wire attached to the mould which is in 
solution. This precaution will prevent the deposit 
taking place too rapidly at the junction of the wire 
with the mould — a very important matter to avoid, 
since otherwise, the copper might become deposited in 
the state of a powder instead of in the proper reguline 
condition. And, again, the battery power must not be 
too vigorous at first, or the deposit will take place too 
rapidly at the point of the wire, assuming a dark-brown 
colour of a powdery texture. When the deposit has 
commenced properly, a bright red layer of copper will 
start from the point of the wire, radiating gradually on 
to the plumbagoed surface. After a while, the anode 
may be lowered gradually, thus augmenting the surface 
in solution as the deposit progresses. When the motdd 
is thoroughly coated the battery power may be in- 
creased, and the surface of anode in solution augmented 
also. 

Ill, Those who are unable to procure porous cells of 
any given size at a time when they are most in need of 
them, may render themselves independent in this respect 
by manufacturing these things for their own use by a 
very simple method. For this purpose, a bag of coarse 
plaster-of-Paris, a thin sheet of tin, or a sheet of paste- 
board, a wooden coro, and a little string are all that 

118 
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w31 be required. Having determined what dize the 
porous cell is to be made, a rotmd woodea roller (such 
as silks are rolled upon, and which may be obtained 
from any linendraper) is procured, and this is to be 
employed as a corey thus : — Make an artificial shoulder, 
say 12 inches from one end of the roller, by binding 
about six strips of thin card, one above another, round 
the roller. These pieces of card should be about an 
inch in width, and each succeeding strip or layer must 
be cut longer as the circumference increases, so as to 
form a perfectly round shoulder. A piece of thin sheet 
tin or pasteboard, say 13J in. long, is now to be tightly 
bound round the shoulder, to form a tube or case, and 
the edges of this outer case may be further closed by 
sealing-wax — taking care that the roller does not touch 
the outer case. In order to render the core easy to 
remove, the wooden core may be covered with a layer 
of foolscap paper, pasted at its edges and overlapping 
the end ; the paper should be well oiled. The mould 
being now ready, a sufficient quantity of plaster-of- Paris 
is to be worked up quickly into a thin paste, and, the 
mould being inverted, the plaster is to be carefully but 
promptly poured in, taking care that there are no air 
bubbles, and that the plaster reaches the extreme open 
end of the tube, which is to form the bottom of the 
cast. When all the plaster is poured in, the mould 
should be held upright until the plaster has "set,*' 
which it will do in a few minutes. It may then be put 
aside for an hour or so, when the core may be with- 
drawn, gently, and the outer case removed. Should 
the paper in which the case was enveloped still remain 
in the mould, this may be easily removed by gently 
pulling it away ; or, should it prove obstinate, «when 
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the porous cell has become quite hard a little hot 
and soda will soon render it easy to remove, by 
ing the oil into soap and the paper into pulp. Tbm 
porous cell should then be rinsed, and after trimming if* 
rough edges with a knife or file, the cell is reatdy 
use. By shifting the shoulder, porous cells of more 
less depth may be made at any time. A little 
will soon render the operator expert in porous 
making. 

112. In coating steel or iron articles with 
deposition should not be allowed to take platoe Um 
rapidly at first, otherwise the metal will be liaMe te 
strip. The battery power should be moderate, aod tte 
surface of anode in solution only sufficient &r Om 
deposition to take place at once, but not too vigozooa^. 
When the articles haye become coated the anode wmf 
be lowered gradually, and after awhile the bstfery 
power may be moderately increased ; this must be done 
with judgment, howeyer, as a good reguline depocit «f 
good colour depends greatly upon the nature of Qm 
current employed and the amount of anodal 
exposed. It is also of the greatest importance 
articles of steel or iron should be placed in the soIaliaB- 
bath immediately after they haye been cleaned, as teves 
a few moments' exposure to the air or immerskn. ni 
water is quite sufficient to coyer them with an invisible 
layer of oxide^ which would preyent the nickel 
adhering closely to the other metal. On the 
hand, it is important in coating steel or iron 
with nickel, not to suffer deposition to take 
too slowly when they are first placed in the bad^ 
Uiey are apt to strip from this cause also. Wbon 
Yciiient to do so it is a good plan to ecratch-bru^ fbe 
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articles after they have received a thin coating, by 
which the subsequent deposit is rendered fat more 
liable to adhere. The author has always found, when 
coating either steel or iron with other metals, that the 
scratch-brush has been his best friend ; and the labour 
bestowed has given ample return in the shape of a good 
adhesive coajting to these rather refractory metals. 

113. When precipitating zinc or copper by sulphide 
of hydrogen from acid solutions of nickel, as, for 
instance, in cases where commercial, and not pure, 
nickel has been used, it is of the greatest importance 
to observe two essential conditions of the liquid treated. 
1. If the acid solution contains a large excess of acid, 
it is exceedingly probable that a small portion of zinc 
wiU continue in solution even though the stream of 
sulphide of hydrogen may have passed through the 
solution for several hours. 2. If the acid solution is 
highly concentrated, it will be almost impossible to get 
rid of every trace of the zinc The conditions which 
most favour the complete separation or precipitation of 
the zinc are, the solution being only moderately acid, 
and tolerably dilute* Copper is more readily thrown 
down by sulphide of hydrogen than zinc, and the 
absence of its characteristic colour is sufficient evidence 
that there is none of this metal in solution. The sul- 
phide of hydrogen, whilst it leaves the nickel in solu- 
tion, will readily precipitate either antimony or iron, 
should the nickel have been alloyed with either of these 
metals ; but the solution must be slightly acid at the 
time, otherwise the nickel also will be thrown down. 

114, Britannia metal, or pewter articles which are to 
be coated with nickel, require different treatment to 
either brass, steel, or iron. Being inferior conductors 
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these softer alloys require vigorous battery power id 
order to induce the deposit to take place promptly. 
At the same time it is advisable, provided the deposit 
takes place immediately after immersion, to move the 
pewter or Britannia metal about in the solution gently, 
80 as to ensure a uniform coating, and to prevent the 
deposition taking place too suddenly. Of course this 
will only be necessary when very strong battery power 
is employed. After awhile, that is when the articles 
are completely coated with nickel, they may be allowed 
to remain in the bath to acquire the necessary thick- 
ness of coating without being disturbed beyond aii 
occasional shifting of the suspending wires. 

116. It is a good plan, when a large number of 
Britannia metal articles have to be coated with nickel 
— especially if the bath is not in a favourable condition 
— to give such articles a slight coating of brass, by 
employing either of the solutions described in the 
earlier part of the work. After being coated with 
brass, the articles must be well rinsed in clean water, 
and at once transferred to the nickel-bath. 

116. The solution for nickeling steel or iron should 
not be quite so strong as that used for brass or copper. 

117. Zinc is more readily precipitated by sulphide of 
hydrogen from the solution of its chloride, than from 
the solution of sulphate, though both will yield up 
their zinc to the sulphide if the conditions referred to 
in § ll3 are fully carried out. 

118. Sulphide of hydrogen may be readily made as 
follows : — ^Take, say 1 lb. of iron filings, and intimately 
mix with them about 4 ounces of powdered sulphur, place 
this in a crucible and subject to a good heat in a coke 
fire. When red-hot, the crucible may be set aside to 
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cool^ and the sulphide of iron formed may be bottled 
until required for use. To generate sulphide of hydro- 
gen gas for the various purposes referred to in these 
pages, put a little of the sulphide of iron in a wide- 
mouthed bottle fitted witl;. a cork in which a hole must 
be bored to admit a glass tube to convey the gas. This^ 
tube should be bent to the shape given in the woodcut^ 
by holding the part to be bent over a gas-burner or 
spirit-lamp. When the glass becomes red-hot it will 
readily bend, and should be allowed to cool gradually* 
This tube is now to be placed in the perforated x5ork, 
the shorter end being inserted and allowed to project 

about half an inch beyond the cork« 

^^^^ Now add about 4 ounces of cold water 

f^^^^L ai^d 1 ounce of sulphuric acid to the 

v^ sulphide of iron, place the cork firmly 

^k in the bottle, and at once put the long^ 

^L end of the tube in the solution to be 

^ operated upon. It is well to state that 

sulphide of hydrogen, besides being very 

offensive to the organs of smelling, is exceedingly 

poisonous when inhaled; it is advisable, therefore,. 

when employing it, to use every precaution, and, if 

possible, to conduct any operation in which it is used in 

the open air. The sulphide of ammonium may be 

formed by passing the above gas through a dilute 

solution of liquid ammonia, and this must be kept in 

a stoppered bottle. 

119. A method of nickeling small articles, such as 
pins, hooks and eyes, &c., by boiling, has been suggested 
by Dr. Kayder. He first melts together 1 part 
copper and 5 parts pure tin. The alloy is.gxaiKiIated 
in the usual wav^ but not too fine, and then mixed with 
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water and cream of tartar into a paste. ' To each two 
hundred parts of the granulated alloy is added one part 
ignited oxide of nickel^ and the articles laid in the 
mixture. After boiling a short time, they are said to 
become well plated. Some fresh oxide of nickel must 
of course be added from time to time. Brass and cop- 
per articles can easily be plated in this manner without 
previous preparation ; those of iron must first be copper- 
plated. By adding some carbonate of nickel to the 
above bath, or to'a common white bath, and boiling, a 
coating richer in nickel is obtained. 

120. A very good solution for electro-brassing may 
be thus made : — In a vessel capable of holding, say 10 
gallons, put 5 gallons of water and 1^ lb. of cyanide 
of potassium, which must be allowed to dissolve ; next 
add 2 lbs. liquid ammonia, and 5 lbs. carbonate of 
potassa ; then half fill a large porous cell with a strong 
solution of cyanide of potassium, and in this solution 
immerse several pieces of thin sheet copper. A sheet 
of milled brass is now to be soldered to the positive pole 
of the battery, and this is to bo immersed in the larger 
solution of cyanide, &c. The negative pole of the 
battery is to have a piece of thin sheet copper soldered 
to it, and this is to be placed in the porous cell, in close 
contact with the other pieces of copper, and the porous 
cell is to be placed erect in the larger bath. The solu- 
tion of cyanide should be of the same height in each 
vessel. The battery is now to be allowed to continue 
in action until there are about 15 to 20 ounces of bras» 
dissolved into the solution from the sheet of brass — -the 
exact weight of which should be ascertained before and 
after immersion. When the full amount of brass is 
dissolved, the porous cell is to be removed and water 
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added to make ten gollons of solution. With one or 
more Bunsen's batteries, the above solution will give 
y^T^ good results. Fresh cyanide and liquid ammonia 
will have to be added from time to time, when the 
solution ceases to give good results. If at any time the 
solution becomes tardy in its action, it is a good plan 
to add to it a certain quantity of concentrated solution 
made as above. In fact, it is well to keep in stock a 
supply of concentrated solution with which to strengthen 
the bath occasionally, for the brass anode seldom dis- 
solves freely enough to keep the solution at its normal 
strength. 

121. Timepiece dials which have been plated by 
the chloride of silver process — that is, the old-fashioned 
method of plating — may be replated by the same pro- 
cess, if required, in the following manner : — ^Dissolve a 
small quantity of silver in nitric acid, and th^n dilute 
with water. Pour in a strong solution of common 
salt, which will throw down all the silver in the form 
of chloride. "Wash the precipitate thoroughly with 
wann water, finally pouring off the whole of the water. 
Add a little common salt, powdered; to the chloride 
and work up into a paste. Having well cleaned the 
dial — ^which is made of brass — the paste is to be 
rubbed on its surface with the flat end of a good 
cork. By rubbing the paste on, in circles, a smooth 
layer of silver will be given to the dial which will 
retain its colour for many years. The operation of 
rubbing on the chloride paste must be conducted with 
great care, in order to ensure perfect evenness. After 
the dial is well coated, it is to be rinsed in hot water 
and dried, when it may be gently rubbed with cotton 
wool. It is then ready to bo repnintcd. 
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122. The most economical way to gild gold chains^ 
&c., which are merely required to be "coloured'' — 
that is, to have a slight coating of fine gold of good 
colour upon them — is first to well scratch-brush the 
articles, being careful to let the beer run freely, and 
then give them a momentary dip in a hot solution. 
The battery shotild be in good working order, and a 
good surface of anode exposed. When this operation 
is well conducted, although the work will exhibit the 
colour of fine gold, there will be so small a quantity of 
metal deposited that its weight would scarcely turn the 
scale. This applies mostly, however, to articles which 
are made of a good quality, say 16 or 18 carat gold^ 
When the goods are manufactured of a lower standard 
a superior coating should be given. Many articles 
made of 18-carat gold, which have been frequently 
*' coloured" — ^that is, boiled in the colouring salts— r- 
become so tender from the alloys of silver and copper 
having been partially removed from them, that it is 
frequently advisable to electro-gild them rather than run 
the risk of colouring them in the ordinary way. The 
author has frequently met vdth chains, &c., which 
would scarcely bear handling, from having been 
coloured a great many times. It is necessary to be 
very careful in scratch-brushing such tender work, 
as breakages become very embarrassing to the electro- 
gilder. Only the extreme points of the scratch- 
brush should be employed, and very light pressure 
given. 

123. All kinds of wire-work, but more especially 
filigree-work, require to be coated in a solution con- 
taining a fair amount of gold. The battery should be 
vigorous, and a good surface of anode exposed. Unless 
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these conditions are observed^ wire»work is liable to 
receire the deposit partially. When the current is 
tolerably strong, if the articles are gently moved about 
while in solution, those parts which are most diffi- 
cult to gild will more readily receive the deposit ; and 
when once the article is coated all over the deposition 
will proceed with greater uniformity. It is a good 
plan, however^ to scratch-brush the articles as soon as 
they have become coated, and then to immerse them 
in the bath until finished. 

124* The insides of cream - ewers, mngs, &c.y. 
should never be gilt with an anode which is thin and 
much worn at its lower edge^ otherwise small particles 
of gold will fall from the anode, and becoming 
deposited on the bottom of the vessel, these particles 
will prevent the deposit of gold taking place at the 
parts on which they have rested. When the anode i& 
thin and ragged, from long use, it is better to cut 
away the ragged portion before employing it for 
insides of sugar-basins, &c. A stout anode is, of 
course, preferable to a thin one, but with the precau- 
tions we have suggested the latter will answer very 
well. A cylindrical anode is better than a flat one for 
the insides of vessels, inasmuch as it causes the deposit 
to take place more uniformly ^-especially in the hollows 
of chased work. 

126. In cases where it is not desirable to remove 
the tin from the bottoms of old cruet-frames, the 
tinned surface may be coated with a thin layer of 
copper by simply applying a sponge dipped in a weak 
solution of sulphate of copper, to whio)i a few drops of 
sulphuric acid may be added ; and rl)y. touching the part 
to be coated with a thin strip of dean iron or zinc,, the 
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tin will become instantly coppered wherever the sul- 
phate of copper has touched it. Thus part at a time 
may be coated with copper, and when the entire 
surface is coated, the article should be rinsed and 
then properly prepared for the plating-bath. 

126. Sometimes a plating-bath, imless it be yery 
deep, will give a rough deposit upon the lower surface 
of large articles, such as salvers, dishes, &c. The 
reason of this is that particles of dust, which had 
settled at the bottom of the plating-bath, become 
disturbed when an article of large size is immersed » 
and these particles settling upon the article cause the 
deposit to take place irregularly, and in a rough state* 
Not only this, but when the anodes have been long in 
use, and have become much worn at the lower edge^ 
minute particles of silver fall to the bottom of the 
bath, and when the solution is disturbed by immersing 
an article of large surface, those particles of silver will 
settle upon the lower part of such articles, and the 
deposit will take place (ycer them, causing a very rough 
and streaky coating, which it will be very troublesome to 
render smooth enough for the burnisher. The streaky 
form of deposit from this cause always assumes a 
vertical direction. To remedy this defect, the best 
plan is to let the solution rest for twenty-four hours^ 
and then carefully draw it off by means of a sjphon to 
within a few inches of the bottom. The remaining 
portion of the solution should be carefully filtered and 
then added to the bulk. Some careless persons have 
been known to rub the su^pending-rods with emery 
cloth while they have been Ipng across the bath. This 
•hould never be done, as the particles of brass, emery, 
&c., would most certainly prove injurious in the way 
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we have stated at some time or other — ^independent 
of the fact that the cyanide will act upon small 
atoms of oxidised brass, and thus impair the solution. 

127. When a battery has been used for some time 
and it works slowly, it is better to throw away the 
contents of the cell, which will be strongly impregnated 
with sulphate of zinc, than to keep on adding fresh 
acid. An accumulation of sulphate of zinc not only 
retards the action, but it also prevents the acid from 
doing its duty properly. If there is a large excess 
of sulphate of zifto formed in the battery cell, it 
will even crystallise upon the positive element, and 
thus stop the action of the battery altogether. 

128. Batteries should never be in alternate pairs 
when used for depositing gold or silver, as this intensity 
arrangement is apt to decompose the solution, besides 
rendering the work liable to strip. It is better to 
unite all the wires issuing from the copper into one 
group, and those proceeding from the zinc into 
another group. By doing this, the quantity of the 
current is increased without increasing the intensity 
{vide p. 107). 

139. A form of battery designed by the author 
many years ago may prove of service to the electro- 
gilder, and therefore a brief description of it may not 
be unacceptable. A long strip of sheet copper is to 
be corrugated (as in the annexed engraving), to which 
a copper wire is attached ; this is placed in a cylindri- 
cal jar; a stout zinc bar, amalgamated, and with copper 
wire cast into it, is placed.in a porous cell. Dilute sul-^ 
phuric acid is used as the exciting fluid for both metals. 

By corrugating the sheet copper a much larger 
surface is presented than when a plain copper cylinder 
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is used, and thus the quantity of the ourreut is aug- 
mented. 

An easy way to corrugate the sheet copper is to 
be provided with two round sticks, say half-au-inoh in 
diameter and twelve inches long, and by rolling the 
copper half-way round one stick, which is placed on 
the copper, and the other stick under the sheet, which is 
then bent half round the second stick. The first stick 
is then withdrawn and placed on the metal as before ; 
and so on until the entire strip of copper is equally 
corrugated or fluted. Care roust be taken to have the 
strip of copper of sufficient length to admit df its 
receiving the requisite number of turns to form a 
cylinder, and of the required width. 
The strip of copper must be about /'"^^ 

three times the length that would be rtlirir~^iM t 
required for a plain cylinder for the I irjif' 1 
negative element. I ft l i|,|.B 

130. M. Elein, of St. Petersburg, |<|| I [11 .... 
has succeeded in making electrotypes El| I III ' 
in iron as a substitute for copper ^*JUI|[jl^ 
electrotypes, and it is said that the im- 
provement has been eminently successful in its applica- 
tion to bank-note printing, &o. After having tried many 
solutions of iron, but with only partial success, M. Klein 
at last found one which answered his purpose thoroughly. 
This bath consists of a solution of sulphate of iron, 
from which the iron is precipitated by carbonate of 
ammonia. The precipitate is then dissolved in sul- 
phuric acid. The solution must be evaporated to 
expel any free acid. Another bath conmsts of equal 
parts of chlorate of ammonia and Bolphate of iron. 
Both these baths must be used aa conoentrated as pes- 
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«ible. An iron anode is to be employed exposing 
about eight times more surface than the. copper 
cathode which is to be coated presents. After bdng 
worked some time, the deposit became faulty, which 
was foand to be due to the presence of acid in the 
bath. This acidity was proved to be due to the anode 
not supplying the solution with the proper equivalent 
of iron to replace that which had been - deposited. 
M. Klein then introduced a copper anode, as well as 
an iron anode, and the bath soon became neutral again, 
and the deposition was more uniform. [The surface of 
anode must be extensive.] The colour of the deposit 
was a dull grey, and somewhat rough, probably owing 
to the air-bubbles formed during the process. The 
metal deposited was exceedingly hard, being nearly 
equal to hardened steel. When heated to cherry 
redness it became malleable, and as easy to engrave 
upon as soft steel. The electrotype plates thus formed 
are said to be very durable — ^far more so than copper, 
^nd hence their importance in bank-note printing. 
The deposij^ed iron is permanently magnetic. Doubt- 
less M. Klein will improve upon his present process 
in course of time, but so far it appears to be a perfectly 
practical process — at least, in his hands-^aad the 
Russian Government have promptly turned the inven- 
tion to account. 

181. Electro-etching is another useful application 
of the art which is worthy of notice. A copper plate 
i4n prepared in the same way as for engraving; it 
is then to be coated with a mixture composed of 
aqihalte, wax, pitch, and Burgundy pitch; and the 
bade. of. the plate is to be varnished. The design is 
iHTW to: be draaraL through the «tchiiig«gvoond with 
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a fine point. When this is done, attach the plate to 
the positive pole of the battery, and immerse in a 
solution of sulphate of copper or dilute sulphuric acid 
— using a second plate of copper for the negative pole. 
After a few minutes' immersion, remove the prepared 
plate, dry it and stop out the fine etched lines with 
varnish. The shadows are next to be traced through 
otching^ground, in the usual way, and the plate again 
placed in the bath for a few minutes. Each time 
lifter the etching-point is used in the various stages, 
the plate is to be returned to the bath for a few 
minutes, and the etching-linos stopped out with var- 
nish as before. When the last touches have been 
given, the plate is to be immersed in the bath as 
before, and finally the etching-ground and varnish 
removed, when the plate will be ready for printing.- 

132. Gutta-percha and wax models for electro- 
typing may have their surfaces rendered conductible 
by the following plan : — ^Take equal parts of albumen 
{white of egg) and a saturated solution of common 
salt, and apply the mixture to the object to be coated 
by means of a soft brush. Then dry the composition 
thoroughly. Now make a strong solution of nitrate 
of silver and dip the mould into it for a few minutes 
or so, and again dry. Expose the mould to a strong 
light, until it becomes quite black. The mould is 
then to be dipped into a saturated solution of sulphate 
of iron, when a ]aj''er of metallic silver will be formed, 
upon which a deposit of copper may readily be 
obtained. The mould shoidd be rinsed when tak^i 
from the sulphate of iron solution, and tike battery 
wire attached to it, when it may he at imo9 placed ia 
the «leetrotypiug bath. 
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138* The sulpLatc of iron combinod witli sulphate of 
aminoniuin has been recommended to form a solutiou 
for depositing iron upon copper surfaces, such as copper 
engraved plates, &c. Iron being much harder than 
copper, it is much desired to obtain a good reguline 
deposit of this metal upon engraved plates, by which 
their durability is considerably enhanced. 

184. Becquerel recommends (in order to prevent the 
formation of peroxide of nickel in the nickel-bath) the 
continual addition of ammonia, by means of which 
the acid which is set free becomes neutralised. When 
the anodes fail to supply the solution-bath with the 
amount of nickel taken from it by the articles coated, 
acid is liberated, and an inferior deposit is the result. 
It is important, therefore, to keep the solution neutral 
constantly by the addition of ammonia, a moderate 
excess of which does no harm. 

135. Men6 takes a boiling neutral solution of chloride 
of zinc, to which he adds a solution of a salt of nickel ; 
sheet or granulated zinc is immersed in this solution, 
in <;ontact with which must be the articles to be coated. 
The solution must be kept neutral. 

• 136* Stolba deposits nickel or cobalt by forming a 
bath consisting of a solution of either metal, to which 
iis added a dilute solution of chloride of zinc. A piece 
of metallic zinc is put in contact with the articles to be 
coated. A little hydrochloric acid is also added. 

• 187, According to Jacobi and others, it is not neces- 
sary (as Mr. Adams -says) to have solutions of nickel 
free from salts of potassium and other alkaline, salts, as 
a solution may be made with the double sulphates of 
nickel and potassium. 

138. In working brassing solutions, Mr. Walenn 
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fesiys that tke evohitiau of hydrogen at. the cathode may 
be. entirely stopped by employing v^ strong solutions 
of brass. When, therefore, the solutions become ex- 
haiisted, fresh conceatriBited solutions of copper and zinc 
fihould be added to the bath. • Mr. Walenn believes 
'that the evolution of hydrogen in brassing solutions is 
owing to the small quantity of metal in solution, for 
when a larger amount of metal is employed, the evolu- 
iixm of this gas stops. He also prefers working these 
solutions hot. 

139* Articles composed of iron may receive a stout 
and durable coating of copper or zinc by first coating 
them well in an alkaline bath, (see p. 35) and then 
giving them a final coating in a 80*called acid-bath, 
that is, a solution of either sulphate of zinc or sulphate 
of copper. These solutions, however, should be care- 
fully neutralised by carbonate of soda or ammonia 
before using them for this purpose. 

140. Plaster busts may be reproduced in electrotype 
by first coating the plaster with wax and then applying 
plumbago in the usual way. Upon this, copper is 
deposited by the battery of sufficient thickness to bear 
handling. The plaster is then to be broken away from 
the electrotype (which now forms the mould), and this 
is to be slightly rubbed over with oil. The mould is 
then to be placed in the bath until a sufficiently stout 
impression is obtained, when the copper mould may be 
broken away, and the electrotype bust, after being well 
freed from grease, may be bronzed by any of the 
processes described, or polished bright if desired. 

141« Stereotyping, as it is termed, consists in taking an 
impression of the type inplaster-of-Paris or other mate'* 
rial^ coating as usual with plumbago or other conductor, 

I 
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-and then depositing a thin coating of oopper, wbich is 
afterwards strengthened by running in solder or lead. 
' 142> Embossed cards, or paper (enTelope crests, for 
instance), may readily be copied in electrotype by first 
saturating the paper slightly with wax. Plumbago is 
.then to be brushed over in the usual way, wh^i a 
deposit of copper will readily take place, and a perfectly 
49harp impression obtained. 

143. Leaves, flowers, &c., may be copied by first 
dipping them in a solution of phosphorus in bisulphide 
of carbon, and then into a solution of nitrate of silver. 
•The silver becomes reduced to the metallic state, which 
renders the object an excellent conductor. 
. 144. Batteries which have a copper cylinder for the 
negative element, may have their quantity , augmented 
by placing fragments of broken electrotypes at the 
bottom of each battery cell in close contact with the 
cylinder. The author has employed old rifle-caps for 
this purpose, placing several hundreds in each cell/ by 
which means the quantity of the current was increased 
up to a certain point in proportion to the extra surface 
of copper thus presented. 

145* Lace, net, and other similar fabrics may be 
rcoated with copper, by first dipping in melted wax. 
The superfluous wax must be removed by placing the 
net between two layers of blotting paper, and then 
passing a heated iron over the surface. Plumbago or 
bronze powder is then to be applied, and the article 
will be ready for the coppering bath. 

146* Glass vessels may be covered with copper by 
varnishing or coating them with wax in the first place, 
and then applying plumbago, after which they are 
ready for the coppering bath. 
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147. It is a good plan to give a coating of varnish 
(shellac dissolved in spirit of wine, for instance) to the 
outer edges of electrotype moulds, to prevent the deposit 
of copper taking place upon those parts, but the varnish 
must not be too thin, nor too freely used, otherwise 
some of it may find its way upon the surface of the 
mould and thus render the impression imperfect. Grease 
of any kind, carefully applied, will answer the same 
purpose. 

. 148- Silver bronze, as a conducting medium for 
electrotype moulds, may be very easily prepared as 
follows : — To a solution of nitrate of silver add sufficient 
solution of common salt to throw down all the silver in 
the form of chloride. Wash the precipitate several 
times, finally pouring off nearly all the water ; now put 
in a piece of pure sheet ainc and add a few drops of 
sulphuric acid. Apply moderate heat, and in a few 
hours the chloride will be converted into a delicate 
bronze of pure silver, which should be washed several 
times with hot water, and finally dried on filtering 
paper. This silver bronze should be kept in a bottle 
well corked, as it would lose much of its conducting 
power if allowed to be exposed in a vitiated atmosphere. 

149. Gold paint has sometimes been used to give a 
conducting surface to articles of a delicate nature. 

IfiO* Sealing-wax impressions do not readily receive 
a coating of plumbago ; it is a good plan, therefore, to 
apply with a soft brush a little spirit of wine to the 
impression before plumbagoing ; but this must be done 
with care, as the spirit, if too freely used^ will dissolve 
the sealing-wax, and thereby spoil the impression. The 
object of employing the spirit of wine is merely to 
impart a very flight roughness. 

T *> 
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: ' 151. . Hooks. Bjod eyesj and other naall arti eles ipv%(ch 
require to be fiilvered or gilt in large qtutntities, may be 
coavenieiiily placed in an earthenware eolander, the 
perf oirationfi of which shoald be tcderably large iu order 
to admit the free e£it of liquids. Hooks imd eyes 
.which are made of brass should be first dipped into a 
solution of oaustio soda or potash to remove gt^ase^ and 
then be well rinsed* They must then be dipped for an* 
instant in ''dipping acid/' and again rinsed se^ieral 
times. The perforated vessel^ containing the books, 
&G.,'Should then be placed in the bath, and the negatiye 
electrode put in contact with the hooks, and by employ- 
ing this electrode as a stirrer, while deposition is going- 
^n, the articles will become uniformly coated all over ; 
otherwise, were they not to be moved about, those parts 
which were in contact wonld not receive the deposit. 
Iron hooks and eyes should be first c<>ated with brass or 
copper before being plated. 

162* A solution of platinum, from which this metal 
may be readily deposited, is formed by adding a solu- 
tion of chloride of ammonium (sal*-ammoniac) to a 
^solution of ohloride of platinum. This nzi^ure should 
be boiled for a ^ott time, and then set aside to cooL 
]3efdre using the solution, liquid ammonia is th .be 
added gradually, until it is neutral to test*paper. The 
platinum solution will require strengthening wjflx a 
concentrated solution of the double salts each time after 
it has been used. 

153- Another process £or plaU;inising consists in 
taking a solution of the chloride of platinum as nearly 
neutral as possible, to which is to be added a strong 
solution of caustic potash until all the platinum is 
thrown down. The precipitate is to be well wash^ 
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T^^ith equal parts of alcohol and water, and finally with 
alcohol alone. The precipitalte is then to be dissolved 
in hot distilled or rain water, and is ready for use; 
The solution is to be used while hot,* the articles to be 
coated being dipped into it. After a few tnoments' 
immersion the article will at first appear somewhat 
dull, but soon assume a more brilliant appearance wheii 
the operation is complete. After the necessarj' deposit 
is obtained, the articles should be rinsed in 'boiling 
water and then dried in very clean box* sawdust. 

164, Lead may be successfully deposited from the 
following solution : — Dissolve about 3 ounces of litharge 
in a solution of caustic potash, and make into 1 gallon 
of solution. A leaden anode is to be employed, and 
the strength of the solution may be kept up by adding 
fresh litharge from time to time if required. Articles 
well coated with lead will resist the action of many- 
acids, alkalies, &c. 

155. For depositing palladium from its 'solution, the 
double neutral chloride of palladium and potassium 
have been recommended. Equal proportions of the 
salts should be employed, and the deposit allowed to 
take place after the manner of platinum. 

156. Professor Jacobi introduced a very simple form 
of brassing solution, and one which, in the hands of an 
experienced operator, would gire very good results. 
Having prepared a concentrated solution of cyanide of 
potassium, a copper anode is to be connected with 
two or three pairs of Smee^s batteries, or one large 
Bunsen, and a sheet of zinc attached to the negative 
pole of the battery. Those two plates are to be im- 
mersed in the cyanide solution, and galvanic action 
kept up until the solution has acquired the requisite 
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amount of copper. This becomes manifest by the zinc 
plate eventually becoming coated with this metaL The 
copper anode is now to be withdrawn^ and a zinc anode 
substituted^ the action of the battery being continued 
until the copper coating on the sheet zinc acquires the 
characteristic colour of brass^ when the operation is 
complete, and the solution ready for use. The addition 
of cyanide from time to time will be necessary ; and, 
doubtless, the addition of liquid ammonia, for reasons 
before given, would aid in keeping the zinc salt in 
solution. The above solution must be worked with a 
brass anode and vigorous battery power; for small 
articles a single Bunsen's battery will be sufficient, bat 
for larger articles two or more cells would be required. 

157- It has been stated that by adding small quan-* 
titles of caustic soda or potassa to a solution of sulphate^ 
of copper for electrotyping purposes, the speed of thcj 
operation is greatly enhanced. The potassa or soda 
should be added to the solution of sulphate until the 
precipitate formed ceases to become re-dissolved by the 
solution. 

158. By employing very weak solutions of copper or 
zinc from their sulphates, and rendering them neutral 
by means of a small quantity of carbonate of soda or 
potassa, a very tolerable coating of either metal may be 
imparted to iron or steel ; but it is always preferable, 
in the first instance, to give a slight coating in an 
alkaline bath, and then to finish in the above solu- 
tions. 

169- Since the deposition of iron upon copper sur- 
faces, such as engraved plates, and the coating of type 
with iron, are now things to be desired, the experimental 
reader will do well to turn his attention in this direc- 
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tion, as^ doubtless, much will be required in this branch' 
of electro-metallurgy in time to come, and the inven- 
tor's labours, if successful, it is to be hoped may meet 
with the reward which will be their just due. 

160< GtUt articles of an inferior colour may be im- 
proTod by coating them, with a substance known as 
*' gilder's wax." This article may be readily made by 
adding red ochre, alum, and yerdigris, to beeswax in a 
melted state. The compound is to be applied to the 
gilt work by heating the article and then passing the 
wax over it, by which means sufficient will attach itself 
to answer the purpose. The article is then to be placed 
on red-hot charcoal until all the wax is burnt off. It 
is then to be placed in very dilute sulphuric acid, and 
then scratch-brushed. All articles must be well gilt 
before this process is applied. 

161« The proto-nitrate of mercury in solution is 
useful in cases where the deposited metal has a dispo- 
sition to separate, or strip, from the metal coated. This 
salt may be made by putting a few ounces of mercury 
into a Florence flask, and then adding diluted nitric 
acid — say, 1 part acid to 2 parts water, and apply- 
ing gentle heat ; care must be taken not to have an 
exceiss of acid. When the red fumes at first formed 
disappear, the solution should be set aside, when the 
proto-nitrate will crystallize. The supernatant liqilor 
should then be poured off, and the crystals gently dried 
at a moderate heat. The crystals may then be dissolved 
in water, and the solution applied by dipping the 
article for an instant, until it has become thoroughly 
coated with mercury. It is important to avoid contact 
with the solution of mercury, and to rinse the fingers 
at once if they have accidentally become moistened 
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irith it, and this for two reasons : first, the mercurial 
salt is injurious, and second, if it is allowed to come 
in contact with any gilt surface it will impart a coating 
of mercury to the part affected. 

162- Since this work was first published, magneto- 
electricity has been much used at some of our larger 
electro-plating establishments for the deposition of silver, 
and thus the battery has, to a certain extent, become 
superseded. Although it is questionable whether, io 
an economical point of view, magneto^ectricity pre^ 
sents any positive advantage, manufacturers find that 
by its agency they can secure the deposition of a larger 
amount of metal in a given time than could be obtained 
from the batteries ordinarily in use ; and this is iui« 
questionably an advantage. Where steam^^power is 
required for other purposes, the cost of keeping a 
magneto-electric machine in action would not, in our 
opinion, be a very important expense as compared with 
the cost of battery power, especially when a superior 
amount of deposited metal is taken into consideration* 
One of the first of these machines was constructed for 
the author's establishment as far back as 1847, and^ 
although it wagf far from being perfect, it gave evidence^ 
that magneto-electricity would one day give the current 
which electro-metallurgists would employ for their 
operations. The author, being desirous of giving the 
reader a full knowledge of what is being done in 
magneto-electricity, has taken much pains to endeavoiu* 
to acquire such information upon this subject as would 
be interesting in a practical point of view; but not 
having fully satisfied himself, he will leave to a future 
day a more elaborate description of the deposition of 
metals by the electro-magnetic current, and he wiU 
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tender his best thanks to those who will kindly furnish 
him with such details as will enable him to accom- 
plish so agreeable, and at the same time so important, 
a task. 

163. Another preparation for colouring gilt or gold 
articles consists in mixing together nitrate of potash 
5 parts, alum 2 parts, sulphate of iron 1 part, and 
sulphate of zinc 1 part. The ingredients are to be 
well mixed, and then water added to form a paste. 
The article to be coloured is to be dipped in the. mass, 
then gently shaken to remove superfluous mixture, and 
placed upon a sheet of iron or copper, and heated until 
dry ; the heat is then to be increased for two or three 
minutes, and the article is then to be plunged into cold 
water, and treated as usual to finish. 

164. The substance known as " crocus," and which 
is so exceedingly useful as a polishing medium for 
steel, &c., may be very generally obtained in the 
cinders produced from coal containing iron. It will 
be easily recognised by its rusty colour, and should bo 
collected and reduced to a powder for future use. Steel 
burnishers may be brought to a high state of polish 
with this substance by rubbing them upon a buff made 
of soldiers' belt or hard wood. After this operation, 
the burnisher should be rubbed on a second buff charged 
with jewellers* rouge. 

165. French bronze may be prepared by reducing to 
a powder, hematite 5 parts, and plumbago 8 parts, and 
mixing them into a paste with spirit of wine. Apply 
the composition with a soft brush to the article to be 
bronzed, and set it aside for some hours. By polishing 
with a tolerably hard brush, the article will assume 
the beautiful appearance of real bronze. The desired 

I 3 
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tint may be regulated by the proportions of tho in- 
gredients. 

166. A very good imitation of the antique bronze 
green may be made by mixing strong vinegar half a 
pinty chloride of ammonium (sal-ammoniac) a quarter 
of an ounce^ liquid ammonia half an ounce^ common 
salt a quarter of an ounce. Brush this composition 
over the copper surface, repeating the operation each 
time after it has become dry. 

167. Qold, and other solutions which are worked 
hot, should always have fresh water added to them 
after they have been in use some time, otherwise they 
will be apt to give ununiform results. When a gold 
solution, for instance, has been heated, say over a lamp, 
for an hour or so, the soluticm will have become con- 
siderably diminished hy evaporation, and unless this 
loss be made up by adding water, the solution will be 
stronger than it was at starting, and consequently the 
results will be liable to vary. It is a good plan, there- 
fore, to keep the depth of the solution gauged, so that 
when there is an appreciable diminution of the bath, 
the deficiency may be re-supplied. The small amount of 
solution removed by each article may, of course, be 
allowed for, but evaporation is the great source of 
diminution in the original quantity of the bath. 

168. A very beautiful bronze colour may be ini- 
f)arted to copper articles, such as medals, for instance, 
by boiling them in a solution composed of verdigris 
5 ounces, muriate of ammonia 5 ounces, strong vinegar 
half an ounce. Mix the verdigris and sal-ammoniac by 
pulverising in a mortar, and then add a sufficient 
quantity of the vinegar to form a paste. Now place 
this in a copper vessel with a pint of water, and boil for 
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about half an hour. When cold, stand the mixture 
aside until the sediment has subsided, when the clear 
liquor may be poured off, and bottled until -required. 
The articles to be bronzed should be boiled in this 
liquor for ten minutes or longer, taking care that they 
do not come in contact during the operation. 

169. Whenever there is evolution of gas at the 
negative pole during the operations of gilding or 
pkting, it is a sure sign either that the battery power 
is too strong, the surface of anode in solution exces- 
sive, or there is too great an excess of cyanide in solu- 
tion. Under either of these conditions the deposit will 
be faulty, and liable to strip. There should be no 
effervescence whatfever at the negative electrode if the 
operation is proceeding satisfactorily. 

170- A very pleasing effect may be produced upon 
an elebtrotype medallion thus : — Having well cleaned 
the electrotype by any of the processes given, apply 
varnish, with a soft brush, to the base or flat surface, 
carefully avoiding the figure ; when the varnish has 
become hard, attach a wire to the electrotype, ajid place 
it in the gold or silver bath for a short time until 
sufficiently coated. Now remove the varnish and apply 
'the solution of chloride of platinum or other bronzing 
material to the copper surface, and thus the figure wiU 
stand out in relief, either in gold or silver as the case 
may be. By employing the solution mentioned at 
• page 44, the figure will appear dead white. A very 
slight coating of thin chloroform varnish will protect 
the silvered surface from oxidation. 

171, When two surfaces of a medal have been 

copied, and it is desired to unite them so as to resemble 

•the original, this may be readily done by cutting a 
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Btrip of copper from a thin sheets forming this into a 
ring of the size of the medal, and carefully soldering it 
to its edge, A good plan is to tin the inner surface of 
the copper ring, as before recommended under the head 
of soldering, and by a moderate heat the ring can be 
made to attach itself to the edge of the medal. A 
smooth file and emery cloth, properly applied, will soon 
render the operation complete, and by this means a 
perfect copy of the original medal will be obtained. 

172. Acetic acid, or strong vinegar, verdigris, and 
chloride of ammonium, in varied proportions, wiU give 
rich bronze tints to copper by boiling the article in a 
solution of the ingredients for a few minutes, the tint 
being regulated by the proportion of chloride of am- 
monium in the copiposition. Acetate of copper added 
to the mixture will also vary the tone. The articles^ 
when removed from the solution, should be well rinsed 
in hot water. 

173* It is very important, when gilding the insides 
of chased and embossed work, to have all the interstioes 
perfectly clean. A little boiling solution of either 
caustic soda, or potash, will accomplish tiiis readily^ 
but if a brush is applied to the purpose it must be well 
rinsed after each operation, as the caustic alkali readily 
dissolves the bristles of which the brush is composed. 
After applying the alkaline solution, the article should 
be either scratch-brushed or well scoured with a hard 
brush; silver sand, and soap and water — ^the former 
being preferable. 

174, The colour known as '* ormolu " may be given 
to gilt articles by applying a mixture of alum, hematite, 
salt, and strong vinegar. The articles are dipped in 
this mixture, and then subjected to heat until the 
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composition becomes blackened, when they are to be 
placed in cold water, and afterwards brushed with 
vinegar until quite free from the colouring medium. 

176. Any small article may be either slightly gilt or 
silyered by simply immersing it in a solution of^goldi or 
silyer, as the case may be, in contact with a piece of 
clean zinc, which promotes electrical action, and forms 
a t^nporary battery. The coating thus given, though 
not durable, is generally very adherent, especially if the 
deposition takes place slowly. 

176. To obtain a good reguline deposit of either 
gold, silver, or copper, from alkaline solutionsi it is 
absolutely necessary that the operation should begin by 
alow degrees. Excess of battery power in proportion 
to the size, of the article to be coated will give a deposit 
which will not adhere to the subjacent metal. Again, 
though the current may be moderate, if the surface of 
anode in solution be excessive^ deposition will take place 
too rapidly, and the deposit will not adhere. These 
&cts should be borne in mind by the beginner, other- 
wise his results will disappoint him, and nothing is so 
disheartening to the student as failure. Although the 
practical operator knows well how to regulate these 
conditions, those who have had less experience are very 
apt to fall into the errors we have indicated if not duly 
cautioned. 

177* Cyanide should never be added to a gold or 
silver bath until it has been fully proved that tardiness 
of action is fWt due to the battery. It has been* a 
common error with some electro-platers to add cyanide 
from time to time when the deposit has taken place 
slowly ; whereas, in most instaaces, a diminution in 
the power of the current has been the cause of inaction. 
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A large excess of cyanide is fatal to the proper work* 
ing of the bath; therefore, before adding this sab* 
stance, the battery and its connections should be well 
examined. 

178« When solution of salt is employed to excite the 
zinc in a battery, it will be necessary to remove the 
zinc occasionally and clean it well with a brush toad 
silver sand. A little hydrochloric acid will assist 
the operation. Amalgamated plates or bars of zinc 
excited by dilute sulphuric acid will not require this 
attention. 

179. It has been proposed to employ a mixture of 
powdered zinc and plumbago to form a conduc^g 
medium for gutta-percha, wax, &c., in electrotyping. 
The powdered zinc may be made by melting zinc in a 
crucible or ladle, and when the metal is y^y hot, 
fragments of sheet iron are to be thrown in and the 
heat kept up for a short time longer. Zinc in this 
state may easily be reduced to powder, when it may be 
intimately mixed with plumbago and used in the ordi- 
nary way. 

180. The fumes of hydrochloric acid or of chloride of 
lime will produce a very good green bronze upon elec- 
trotypes, giving them tho appearance of ancient bronze. 
Another very good way to produce this effect is to 
envelope the object, if it be large, in an atmosphere of 
chlorine. This may be done by putting a small quan- 
tity of manganese in a Florence flask, and pouring 
upon it a little hydrochloric acid or sulphuric add and 
salt. The gas which escapes may readily be conducted 
by a bent tube, inserted in a perforated cork, to the 
vessel in which the object is placed* The article 
should be exposed to the fumes for a short time, and 
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then placed in the open air^ the process to be repeated 
until the desired effect is produced. 

18L Electro- soldering may be effected by causing 
a deposit of copper to take place upon the two surfaces 
to be united. Thus a ring of copper may be formed by 
taming up a stout piece of copper wire to the required 
shape and size, bringing the ends tolerably close 
together. Yamish or melted wax should then be 
applied to all parts of the ring excepting the extreme 
points that are to be joined. A part of the ring, how- 
ever, should be left free from varnish, to which the con- 
ducting wire of the battery is to be attached. The^sing 
is then to be placed in the coppering-bath, and in a 
abort time the deposit will completely and effectually 
unite the two ends, forming a perfect ring. Silver 
articles may be electro- soldered in the same way by 
employing a neutral solution of nitrate of silver for 
a bath. 

182. When a soft metal is deposited upon a hard 
metal, or the latter upon a metal softer than itself, the 
exterior metal should be polished and not burnished, 
and for this reason : — ^If silver is deposited upon lead, 
for instance, the great pressure which burnishing 
requires to produce the necessary polish would cause 
the softer metal to expand, and consequently a separa- 
tion of the two metals would result. On the other 
band, silver being softer than steel, if the burnisher is 
applied to silver-coated steel, the exterior metal will 
expand and separate from the subjacent metal. 

183. When articles have been boiled in caustic alkali 
or " ley," to remove grease, they may be dipped in very 
dilute nitric acid to remove the oxide which has formed 
upon the surface ; but if they are well brushed with 
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moistened powdered pumice or Bath brick tkejr may 
be yery effectually cleansed without recourse to the acid 
solution. 

184. When a bath has been at work some time^ the 
uniformity of its condition becomes disturbed; it is 
better, therefore, to move the articles in solution occic- 
sionally by dipping them up and down several times, 
taking care, howeyer, not to disturb any sediment 
which may lie at the bottom of the vessel. The rods to 
which the anodes are attached may also be gently 
moved occasionally with advantage. 

18d- When the current employed is too intense, the 
deposited metal will become excessively hard — so much 
so that it will be difficult to obtain a good polish by 
means of the bumishing-tools without considerable 
labour. In the early days of electro-plating many of 
the burnishers who entered the author's employ were 
struck with the difference between the work submitted 
to them and that which they had been accustomed to in 
other establishments. It appeared from the statements 
made at that time that in some electro-plating works 
the deposit was so exceedingly hard and '^ scratchy,'' 
that the wonien whose task it was to burnish it fre- 
quently worked in acute agony. When a good quantity 
is employed, of moderate intensity, the deposit is not 
only better in character, but it is more easily and 
successfully burnished. 

186. When the gold bath is worked at a lower 
temperature than 130^ F., the colour of the deposit is 
apt to be rather pale in colour. The richest colour is 
undoubtedly obtained when the solution is rath^r^above 
than below this temperature. If the soluticHi, however, 
has been long in use, and has acquired a certain amount 
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of organic matter, and, perhaps, a little copper (from 
the positive electrode occasionally dipping into the 
solution when the anode is nearly exhausted), a &iv^ 
coloured deposit may he obtained below 130? F. 

187. Whenever a gold solution begins to give indif* 
ferent results, more especially as to colour, the best and 
simplest remedy is to evaporate it to dryness. This 
operation always repays for the little trouble and time 
expended upon it, and the dried mass^ when redissolved 
in boiling distilled water, with a little additional 
cyanide added, will result in a gold bath which it will 
be a real pleasure to work with. 

188. Articles of tin, lead, pewter, iron, or steel 
should receive a coating of copper in the alkaline bath 
before being either plated, gilt, or nickelled. This does 
not add much to the trouble, but it certainly favours 
the adhesion of the superior metals. 

189* When an article is too large for the bath, and 
it is necessary to do it piecemeal, the greatest care will 
he necessary to obtain a good deposit at the junction 
between the first coating and the underlying metal. If 
the first layer or deposit has not been tolerably thick> 
when the second portion of the article has been im-^ 
mersed in the solution some time, it will be found that 
at the line near the surface of the solution the deposited 
metal has become dissolved, or as it were cut off. To 
prevent this, it will be necessary to move the article 
frequently while in solution until the union between 
the first and second coating becomes as perfect as 
possible. Even with the greatest care the deposited metal 
is very liable to strip at the junction of the two coatings. 

190* MetoUlo-okromeSy as they are termed^ are beaur 
tiful colorations obtained by means of the battery upoa 



188 ELECTKO-METALLrilGy. 

plates of polislied steel. The method of procedure is 
the following : — ^Make a satuj*ated 'solution of acetate of 
lead (sugar of lead)^ and filter until perfectly clear. 
Next lay a plate of highly-polished steel in a shallow 
vessel, and pour the above solution upon it. The wire 
proceeding from the copper element of a compound 
battery of fiv^ or six pairs ia then to be put in contact 
with this steel plate. If, now, the wire issuing from 
the zinc of the battery be held a short distance above 
the centre of the steel plate a very remarkable and 
beautiful effect will be produced, in the form of a series 
of coloured rings of great brilliancy. After a few 
moments these rings of varied colour will increase until 
the plate is covered. If a piece of copper, cut in the 
form of a star, a diamond, or any other shape, is 
attached to the end of the wire, the colorations will 
assume upon the steel plate a corresponding shape ; and 
if a piece of card is intercepted between the wire and 
the steel plate, the colorations will take place beyond 
the point screened by the card. As it is rather dtfiBcult 
to hold, for any length of time, the copper wire with 
sufficient steadiness to obtain good result?, the wire 
may be passed through a perforated card, and this 
allowed to rest across the vessel in which the operation 
is performed. The colours produced by this beautiful 
process resemble those obtained by the prism, but as 
they do not adhere closely to the metal plate, the latter 
should be carefully washed in boiling distilled water, 
and when dry the plate nxay be varnished with any 
good white . spirit varnish. The colouration of metals 
by electricity was first discovered by Dr. Priestley, but 
it was Nobilfwho first obtained coloured deposits upon 
metallic surfaces as described above. 
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191. Woodcuts may be coated with plumbago and 
then copied in electrotype. The reverse thus obtained 
may in its turn be slightly oiled, and then placed in the 
bath to receive a deposit which will be as sharp as the 
original, and the same copper mould may be employed 
again and again for the same purpose. 

192. Intaglios, or moulds, may be obtained from 
medals, coins, &c., by pressing them upon tin-foil, 
which will readily receive the required deposit of 
copper. To give additional strength to the foil, melted 
wax, sealing wax, or stearine may be employed. 

193. Sheet or bar iron may be employed in place of 
zinc as a positive element for a constant battery, but 
the acid solution employed to excite it should be weak. 

194. For the convenience of jewellers, watchmakers, 
and amateurs living at a distance from large towns, the 
author has designed an electro-metallurgical cabinet 
containing everything that will be necessary to enable 
its possessor to carry on the operations of electro-plating 
and gilding practically ; and as the arrangement of the 
cabinet has been made with considerable care, so that it 
should be serviceable not only as a means of studying 
these beautiful arts, but also as a source of profit to 
those who desire to use it for such purposes, it is to bo 
hoped that it will meet the wishes of those for whom it 
was projected. The manufacture of this cabinet has 
been entrusted to Messrs. How & Co., of St. Bride 
Street,. London, the successors to the late eminent firm 
of George Knight and Sons. 

195. Nickel may be deposited upon coppw for ex- 
perimental purposes from a solution of its chloride, by 
placing a piece of clean zinc in contact with the copper 
while in solution. The solution should be warm. Co- 
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bait, iron, and other metala may also be deposited in 
a similar way, tbe strip of zinc performing the office of 
a battery. 

196. The " single cell " arrangement will be found 
very useful for obtaining deposits of the various metals 
from their respective solutions, when the object of the 
manipulator is merely to give a slight coating as an 
illustrative experiment ; and in this case a very small 
porous cell, supplied with a small bar of zinc with 
copper wire attached, will be quite sufficient to coat 
small articles with any given metaL When the same 
apparatus is employed to deposit several different metals 
from their solutions, the porous cell, &c., should be 
thoroughly well cleaned after each solution has been 
used. The student may obtain a very interesting col- 
lection of electro-deposited metals by coating small 
pieces of sheet copper with the various metals, and 
arranging them in a cabinet, duly labelled. The strip 
of zinc suggested in the foregoing paragraph, and a 
very small quantity of solution, will be all that is re- 
quired to coat a small piece of copper with almost any 
metal. A series of small coins, copied in electrotype 
and then each coated with a different metal, would form 
a very interesting collection. 

197» In commencing the study or practice of electro- 
deposition, after reading this work, the first question 
that will occur to the student is, '* What apparatus and 
chemicals shall I require f " Therefore, well knowing 
how useful such information in a brief form will be, we 
have thought it advisable to give the subjoined Mst of 
things which are either indispensable or may become 
necessary, either to the student who works for pleasure 
or to those who work for profit. 
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198. LIST OF ARTICLES REQUIRED IN ELECTRO- 
GILDING, PLATING, ETC. 

Gilding battery-jar. 

Plating battery-jar. 

Gilding bath, of glass or stone-ware. 

Plating bath, of wood or stone- ware. 

Gold anode rolled out to a moderate thickness. 

Silver anode rolled out to a moderate thickness. 

1 lb. of stout copper wire. 

i lb. of thin copper wire for slinging. 

One or two Bath bricks, to be rubbed together until powdered, or 

A few pounds of powdered pumice-stone. 

Several brushes, consisting of 1, 2, 3, and 4 rows each. 

Several sheets of emery-cloth, Nos. 1, 2, and 3. 

Several lumps of pumice-stone. 

A Water-of-Ayr stone about three-quarters of an inch square. 

Pair of flat pliers. 

Several files. 

Chamois leather. 

1 ounce of rouge. 

^ lb. of mercury. 

Several binding-screws. 

A few sheets of filtering-paper. 

1 quart of box-sawdust. 

Several scratch-brushes, which, for economy's sake, may be cut in 

half, and the ends soldered. 
Scratch-brush lathe, and ** chuck. " 
Evaporating dish to hold half a pint. 
Rotten stone, 1 lb. 
Borax, 1 ounce. 
Silver solder. 
Soft solder. 
Blowpipe. 
Hosin. 

Soldering iron. 

Cyanide of potassium for silver bath. 
Cyanide of potassium for gilding bath. 
Nitric acid. 
Hydrochloric acid. 
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SoIphiEric adiL 

Solphate of copper for decirulyping. 

Bnniiaberi. 

Kitnte of mercury (made 1>7 diaolnng Hiercwy id niirfc acid). 

One or two ** bnSi " for polislii]i|^. 

Charcoal, gereral i»eoes. 

One or two glan meaanres. 

Nitrate of poiaah for strippmg acdntioiL. 

'Wmmng idtnc acid. 

Acetic add. 

Sal ammoniac 

Scales and weigbta — small and large. 

Sheet copper for gilding hattery . 

Sheet copper for plating hattery. 

Stoat sheet zinc for plating battery. 

Stont sheet zinc or cast-zinc bar for gilding. 

Ox gnllety or porons celL 

Carbonate of potassa. 

Fine silver for solutions. 

Fine gold for solntions. 

A few gallons of distilled or rain water. 

Bisulphide of carbon for ''bright" plating. 

Common salt. 

Caustic soda (see p. 48). 

Silver sand. 

Jar for stripping solution (see p. 56). 

Plumbago, and a camel-hair pendL 

A tub, or other Teasel for cleaning work. 

Several pans or rinsing vesiels. 

Brass rods to suspend articles to be plated. 



FRENCH MEASURES OF WEIGHT. 

English grains. 
Milligramme = '0154 
Centigramme = -1543 
Decigramme = 1*5434 
Gramme =^ 13-4340 



MEASTIRES OF VOLUME. 
1 litre =x about 34 English fluid ounces. 
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j^CETATE of copper, 73, 74 
Acid, acetic, 100 

arsenious, 15, 7i» 78 

hydrochloric, 60, 79, 92 

hydrofluoric, fumes of, 31 

nitric, 92 

sulphuric, 79, 82, 89 
Air hubhles. 24, 25 
Ale, humishing 'with, 69 
Alloy, Grerman-silver, 91 
Alloys, deposition of, 71, 91. 

of brass, 71 

of gold, 91, 92 
Amalgamation, 106 
Ammonia, its uses in the nickel 
bath, 168 

liquid, 73, 83 
Ammonium, sulpliide of, 62 

to prepare, 158 
An electrode, 5 
Annealing silver dials, 114 

slinging wires, 135 
Anode, 5 

surface of, 11, 50, 55, 67 
Anodes, annealing, 109 

brass, treatment of, 78, 83 
Appendix, 92 
Aqua regia, 60 
Artificial bronze, 178 

JJATH, uniform condition of, 

explained, 184 
Batteries for gold and silver, 10 
Battery, nrrungement of, 47, 64, 

'so 

- Bansen's carbon, 80 



Battery, compound, T, 47 

constant, 7 

graphite, 111 

power, (ffects of excess of, 
72 

Smee*8, defect of, 4, 9 

Wollaston's, modification of, 
10 
Bichloride of mercurj", for amal- 
gamating, 144 
Bichromate battery, 127 
Binding screws, 1»», 80 
Bisulphide of carbon, 46 
Blisterins^, causes of, 56 
Brass rods, 47 

solutions, 73, 77 

solutions, unequal action of, 
explained, 78, 83 
Brassing solutions, Mr. Walenn*s 
views on, 168 

solution, Jacobi's, 173 
Bright ;^lating, 46 
Britannia metal, 55 

coating with nickel, 156, 157 
Bronze, artificial, 178 

black, 55 

brown, 37 

green, 38 

metallic, 145 

silver, to prepare, 171 

solution^ 73, 75 
Bronzes, Parisian, 38 
Bronzing, 78, 76 
Bronzinp by fumigation, 182 
Burnishing, 69, 115 

when not applicable, 183 
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QARBON, biflulphide of, 46 

element, 80 
Casting of mounts, &c., 142 
Cathelectrode, 5 
Cathode, 5 
Cells, alternated, 46 
(.'hloride of ammonium, 86^ 

of copper, 72, 75, 77 

of gold, 60, 93 

of nickel, SGe 

of silver, 43 

of zinc, to prepare, 116 
Chromate of lead, 38 
Cleaning work, 48 
Cleanliness, importance of, 48, 50, 

53 
Coating bad steel, 133 

glass vessels, 151 
Colouring gilt- work, 97 

goldarticlss, 114 

processes, 97 
Conducting surfaces, 145 

wires, 29, 106 
Continuity of current, 10 
Copper, acetate of, 73, 74 

chloride of, 72, 75, 77 

coated with antimony, 129 
^deposition of, 14, 35, 83 

deposition from sulphate, 15 

filings, use of in electro- 
typing, 147 

plates, cleaning, 106 

ribbon, 145 

solutions, 15, 35 

sulphate of, 15, 16 

to prevent deposition of on 
edges of moulds, 171 
Coppering iron, 169 

tin, lead, &c., 185 
Crocus, 37, 38 

to obtain, 177 
Cruet-frame bottoms, treatment 

of, 162 
Cyanide, excess of, effects of, 44, 
95 

commercial value of, 147 

of potassium, preparation of, 

. 110 

when required in bath, 181 

sores, 135 



J)ECOMPOSITION trough, how 

to make, 152 
Deposition of idloys, 7 If 91 

brass, 71 

copper, 14, 35 

German silver, 91 

gold, 59 

iron, 165 

nickel, 86 

platinum, 84 

silver, 38 

zinc, 87 
Designs on gold and silver, 143 
Dials, to wmten, 52 
Dipping acid, 65 
Dry scratch-brushing, 123 

J;LECTRIC1TY, negative, 6 

positive^ 6 

intensity, 4, 7, 107 

quantity, 4, 7, 109 
Electro-brassing, 71 

cast-iron work, 79 

condition of solution for, 78, 
83 

lead and pewter work, 32 

preparation of goods for, 81 

wrought-iron work, 81 

zii^c articles, 81 

bronzing, 71, 73 

coppering, 35 

etching, 166 

gilding, 59 

magnetism, deposition by, 176 

metollurgical cabinet, 187 

plating, 38 

platinising, 84 

soldering, 183 

gilding insides of vessels, 63 

zincing, 87 
Electro-types, 22 

annealing, 22 

bronzing, 37 

in iron, 166 

part silvering, 179 

polishing, 22 

mounting, 23 

removal of, from mould, 22, 
29 

strengthening back of, 22 
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Electro -typing art, discoverers o f, 1 
care necessary to success, 163 
moulds, 151 

Evaporation of gold solution, 186 

pERNS, &c., copying, 30 

Ferrccyanide of potassium, 
43 
Filigree goods, 67, 94 
Filtration of solutions, 42, 62 
Flowers, copying, 32 
Foxy gilding, 62, 95 
French bronze, to prepare, 177 

GJ-ERMAN silver, 48, 69, 91 

deposition of, 91 

to prepare for plating, 48 
Gilder's wax, composition of, 175 
Gilding brass articles, 116 

by " single cell " process, 109 

cheap work, 67 

lead, 68 

importance of slow deposit, 
181 

insides of vessels, 63 

preparation of articles for, 63 

wire- work, &c., 161' 

without battery, 181 
Glass, coating, with copper, 31 
Glyphography, 33 
Gold, chloride of, 
60,92 

chains, to gild, economically, 

deposition of, 69 
fine, 92 
impure, 92 

paintasaconductingmedium, 

171 
solutions, 60 

solution for steel-work, 70 
temperature of, 184 
to refine, 92 
to recover, from stripping 

solutions, 103 
to recover, from old solutions, 
96 
Granulation, 93 
Uroen bronze, to prepare, 182 
colour, 97 



preparation of. 



Guiding- wires, 146 
Gutta-percha moulds, 23 
solution of, 31 

J[A.RD soldering, 119 

deposit, cause of, 184 
Hardening and tempering steel, 
125 

Hooks and eyes, &c., to silver, 172 
Hydrogen, 32 

evolution of, 179 

sulphide of, to prepare, 157 

phosphuretted, 32 
Hydrosulphate of ammonia, 62 

IMPERFECT rinsing, effects of, 

Impressions of mounts, &c., 142 
Intaglios, to form, 187 
Intensity electricity, 7, 107 
Iron as a positive element, 187 

coating, with copper, 35 

coppering, 169 

deposition of, 165 

electro-types, 166 

JACOBI'S solution, 173 

Jewellers' rouge, to prepare, 
149 

JLAC carmine, 38 

Lace, net, &c., to copper, 170 
Lead, deposition of, 173 

edges, how to treat, 61, 52 
Liquid ammonia, 73, 83 
List of articles required in platinflr. 

&c., 189 f tif 

Litharge, 146, 173 
Litmus paper, S6c 
Local action, 9, 106 
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176 

Measures and weights, 112 
Medals in electrotype, 23 
Mene's nickel process, 168 
Mercury, nitrate of, 61 
Mercury trough, 161 

to amalgamate with, 105 
Metallo-chromes, to produce, 185 

K 
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Motion, effect of, in gilding, &c., 

138 
Moulds, elastic, 19 

of fusible metal, 25 

of gntta-percha, 35 

of plaster, 24, 27 

of sealing-wax, 25 

stearine, 17 

of wax, 31 

from animal substances, 27 

from plaster casts, 16 

firom metallic substances, 23 

from Tegetable substances, 30 

preparation of, 16 
Moving articles in solution, 53, 98 

Jf EW form of battery, 165 . ^ 
process of plating, &c., 127, 

128 
work, preparation of, for 
plating, 48 
Nickel, chloride of, 86<; 
depoaition of, 86a 
Adams* patent, 86 
separating copper and zinc 

from, 156 
solution, strength of, for steel, 

Ac, 155 
sulphate of, 86^ 
to coat Britannia metal with, 

156 
to deposit, for experiment, 187 
Nickeling pins, &c., 158 
Nitric acid, 92 

QLD work, prei»raticn of, for 

plating, 50 
Organic matter in solution, 95, 

141 
«' Or-molu," 180 
Oxide of gold, 62 
of silver, 45 
Oxidising processes, 100 
solutions, 100 

PALLADIUM, solution of, 85 
Fart-plating articles, remarks 

on, 185 
PcTchloride of iron in batteries, 

129 



Pewter, to electro-brass, 82 

solder, to gild, 66, 67 

to plate, 52 

to copper, 69 
Pickling copper, 106 

iron work, 89 

lead, 82 

silver, 109 

zinc, 82 
Plaster-of-Paiis busts, to electro- 
type, 169 

casts, moulds from, 16 
Plaster, moalds of, 24, 27 
Plated metal goods, 137 
Platinum, chloride of, 100 

deposition of, 84 

solutions, 84 
Plumbago, its uses, 21 
Polishing electrotypes, 22 
Porous cell, 8, 14 

cells, to make, 153 
Potassa, caustic, 48 

nitrate of, 56, 97 
Potassium, cyanide of, preparation 
of, 110 

ferrocyanide of, 43, 110 

salts of, in nickel bath, 168 
Powdered Bath brick for cleaning. 

Precipitates, washing, 41, 43 
Precipitation of gold, 61, 96 

silver 40, 57 
Protonitrate of mercury, 175 
Prussian blue, 38 
Pumice stone, powdered, &c., 4S 
Putty powder, to prepare, 149 

QUANTITY electricity, 7, 107 
augmentation of, 170 

PE-AMALGAMATING plalcs> 

136 
Ke&ning gold and silver, 129 
Reguline deposit, 87, 108 
Hotten stone, 22 
Bouge, 22, 37 

to prepare, 149 
Boughness of depcsit, cause of. 

163 
Busf, tD remove, 79 
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gOEATCH-BRTJSH, 49 

waste, 114 
Sediment in solution, 129 
Sienna, 38 
Silver bronze, to prepare, 171 

nitrate of, 40 

tarnished, to clean, 102 

removal of, from old plated 
work, 66 
solutions, 40 

to recover, from old baths, 101 

to recover, from stripping 
solutions, 57 
Single-cell process, 14, 109 

its application for experi- 
mental purposes, 188 
Soda, caustic, 48 

li3T)osulphite of, 43, 111 
Soft-soldering, 116 
Soldering iron, tinning, 116 
Solution, conductibility of, 63, 60, 

82 
Solution for plating without 
battery, 118 

gilding, without battery, 119 

filtration of, 42, 62 

of gold, 60 

brass, 72, 77 

bronze, 73, 76 

copper, 16, 35 

silver, 40 

platinum, 84 

zinc, 87 

for diflferent metals, 81, 97 

temperature of, 63, 59, 105 

stripping, for gold, 103 

for sUver, 56 
Spirit of wine, 171 
Spoons and forks, to prepare, for 
plating, 43 



Spurious gold, 137 
Stereotyping, process of, 169 
Stolba's nickel process, 168 
Sulphate of ammonium, 91 

copper, 15, 16 

iron and ammonium, 168 

of nickel, 91 
Sulphide of hydrogen, 157 

precipitating copper by, 156 

TARNISHING of electro-plate, 
140 

Temperature of gold solutions, 184 
Testing gold articles, 136 
Tin, chloride of, 15, 78 
deposition of, 86/ 
lead, &c., to copper, 185 
to remove from cruet-frames, 
&c., 62 

XJNIFORM condition of bath, 
184 

YENTILATION of operating 

room, 124 
Verdigris, to remove, 51 

"WTEIGHTS and measures, 112 
Whitening: dials, &c., 52 

brass dials, 114 

silver articles, 113 
"Wire-work, to gild, 161 
Woodcuts, to copy, 187 

2INC bars, 146 

deposition of, by Watt's 

process, 87 
and plumbago, 182 
solutions of, 87 
precipitation of, 157 



THE END. 
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ARCHITECTURE, BUILDING, ETC. 

No. 

i6. ARCHITECTURE— ORDERS—tht Orders and their MsQxe^ 

PrinciplH. ByW.H. Leeds. IDuilratcd. it.«d. 
17. ARCHITECTURE-STYLES— The History and Description of 

the Slylei of Aichilecture of Vitioui CDDnlna, fTDni the Earlial to tlia 
"- "Miod. By T. Talbot Bury, F.R.I. H.A^lc. IlLuilMtfd. u. 
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••"" ""-"-'■' ■^•- principles -' 
:" nd'Sothi"""''"'" ■""" "°"'-° """ "™'.' . ..' 



V OhDKBS AHD JlTYtES or AFCKlIICIUaE, inC . 

18. ARCHITECTURE— DESIGN— The Principles of Desipi in 



»». THE ART OF BUILDING, Rudiments of. General Principles 

of CoDnruclIon, Ualeriali uied in Buildine, Strenglli and Uh of Hatmali, 
'Woikinc Diawingi, SpecificaCioni. sod EttimaCei. By Edwakd Dobkih, 
M.K.I.B.A., »r. lllattisled. 11. ed. 

33. BRICKS AND TILES, Rudimentary- Tieatise cm the Manofac 
lure Df ; conlaintnE an Outline of tba Piinciploi of firickmaklnit. B> Edw. 
Doii.ioi>,M.K.l.B.A. W;iIiAdditlDn>byC.Toui.iKSON,F.R.S. lUuitrated, 31. 

25. MASONRY AND STONECUTTJNG, Rudimentary Treatise 
an ; in vhich tbe Friiciplei of Muonic Frojeclion and their ipplicallon to 
the Coniliuction of Curved Wine-Walli, bomei, Obliqpe Brideei, and 
Roman and Gothic Vaulting, are coneiiely eiplained. By Edwaiid DoasoH, 
M.B.I.B.A., »c. ll)u)Iiat«lwithPlate>andniarranii. >t. 6d. 

44. FOUNDATIONS AND CONCRETE WORKS, 3.-&a.A\maAm 
Trriii.. n« ; conlainine a SynDpiii of tbe principal cat« of Fanndalinn 
b the uiual Model of Tnatmenl, and Practical Remarkl on 



Footing.. PUckinB, Sin_, , _. .... _ . . 

CoHenfami. By E. DoaaoN, M.R.I.B.A,, he. Foui 
GiOBCi DoDD, C.E. Illuitiated. ii.id. 
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Architecture, Building, etc., continued, 
42. COTTAGE BUILDING. By C. Bruce Allen, Architect 

Eleventh Edition, revised and enlarged. Nnmerous Illnstrations. is. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 
PLASTERING, &c., Rndimentaiy Treatise on. By G. R. Burmexx, C.£. 
Ninth Edition, with Appendices, xs. 6d. 

'57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; being a concise Exposition of the General Principles of the Art of Warm- 
ing and Ventilating Domestic and Public Buildings, Mines, Lighthouses, 
Slups, &c. By Charles ToMLiirsoN, F.B.S., &c. lUnstrated. 3s. 

^^••. CONSTRUCTION OF DOOR LOCKS. Compiled from the 
Papers of A. C. Hobbs^ Esq., of New York, and Edited by Charlbs Tom- 
UNSON, F.R.S. To which is added, a Description of Fenby's Patent Locks, 
and a Note upon Iron Safes by Robert Mallet, M.I.C.E. Illus. 2s. 6d. 

III. ARCHES, PIERS, BUTTRESSES, iSr*^. .• Experimental Essays 
on the Principles of Construction in ; made with a view to their being use^ 
to the Practical Builder. By William Blamd. Illustrated, is. 6d. 

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 

Principles of the Science of Sound applied to the purposes of the^rchitectand 
Builder. By T. Roger Smith, M.R.I.B.A., Architect. Illustrated, is. 6d. 

124. CONSTRUCTION OF ROOFS, Treatise on the, as regards 
Carpentry and Joinery. Deduced from the Works of Robison, Price, and 
Tredgold. Illustrated, is. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. With Illustrations, designed by the 
Author, and engfraved by O. Jewitt. is. 6d. 

128. VITRUVIUS-^THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO, In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. With 23 Plates, ss. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with a Historical View of the Rise and Progress of the Axt in 
, Greece. By the Earl of Aberdeen, is. 

\* The two Preceding Works in One handsome VoU, half bound, eniiiled "Ancient 

Architecture." Price 6s. 

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. By S. H. Brooks, Architect. New Edition, with Plates. 2s. 6d. 

J $6. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons', Plasterers*, Plumbezs^ Painters*, Paper- 
hangers*, Gilders*, Smiths*, Carpenters*, and Joiners* Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. Illus. is. 6d. 

175. LOCK WOOD &* CO:S BUILDER' SAND CONTRACTOR'S 
PRICE BOOK, with which is incorporated Atchley's and portions of the 
late G. R. Burnell's " Builder's Price Books,** for ^1876, containing 
the latest Prices of all kinds of Builders* Materials and Labour, and of all 
Trades connected with Building : with many useful and important Memo- 
randa and Tables; Lists of the Members of the Metropolitan Board of 
Works, of Districts, District Officers, and District Surveyors, and the 
Metropolitan Bye-laws. The whole Revised and Edited by Francis T. 
W. Miller, Architect and Surveyor. 3s. 6d. 

182. CARPENTRY AND JOINERY— "HnE. Elementary Prin- 
ciples OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d. 

i82«. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 

accompany the foregoing book. With Descriptive Letterpress. 4to. 6s. 

187. HINTS TO YOUNG ARCHITECTS. By George Wight- 
wick. Author of " The Palace of Architecture," &c. &c. New, Revised, 
and enlarged Edition. By G. Huskisson Gdillaumb, Architect. With 
numerous Woodcuts. 3s. ml. IJust published. 

LONDON : CROSBY LOCKWOOD AND CO., 
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Architeoture, Building, etc., continued. 

i88. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
WRITING: A Practical Manual of, containing full information on tlie 
Processes of House Painting^ in Oil and Distemper, the Formation of 
Letters and Practice of Sign Writing, the Principles of Decorative Art, a 
Course of Elementary Drawing for House Painters, Writers, &c., and a 
Collection of Useful Receipts. With 9 Coloured Plates of Woods and 
Marbles, and nearly 150 Wood Engravings. By Ellis A. Davidson, 
Author of " Building Construction," "Drawing for Cazpenters," &c. 5s. 

\ Just published. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 
In Six Sections : General Principles ofBrickla^ing; Arch Drawine, Cutting,. 
and Settings ; different kinds of Pointing ; Paving, Tilingr, Materials ; Slating 
and Plastering ; Practical Geometry, Mensuration, &c. By Adam Hammond. 
Illustrated with 68 Woodcuts, is. 6d. [Just published. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Supplementary Chapters upon House Drainage, em- 
bodying the latest Improvements. Containing about 300 Illustrations. By 
William Paton Buchan, Practical and Consultine Sanitary Plumber: 
Mem. of Coun. San. and Soc. Econ. Sec. of the Philosophical Society of 
Glasgow, 3s. {jMsi published, 

192. THE TiMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE ; comprising copious and valu- 
able Memoranda for the Retailer and Builder. By Richard £. Grandy. 
Second Edition, Revised. 3s. 

CIVIL ENGINEERING, ETC. 
13. CIVIL ENGINEERING, the Rudiments of; for the Use of 
Beginners, for Practical Engineers, and for the Arm^ and Navy* By Henry 
Law, C.E. Including a Section on Hydraulic Engineering, by Gborgb R. 
Burnell, C.E. 5th Edition, with Notes and Illustrations by Robert 
Mallbt, A.m., F.R.S. Illustrated with Plates and Diagrams. 5s. 

29. THE DRAINAGE OF DISTRICTS AND LANDS, By G. 

Drysdalb Demfsby, C.£. New Edition, revised and enlarged. Illustrated. 
IS. 6d. 

30. THE DRAINAGE OF TOWNS AND BUILDINGS. By 

G. Drysdalb Demfsby. C.E. New Edition. Illustrated. 2s. 6d. 
\* With " Drainage 0/ Districts and Lands," in One Vol., xs. td. 

31. WELL-DIGGING, BORING, AND PUMP-WORK. By 

John George Swindell, Assoc. R.I.BJl. New Edition, revised by G. R. 
!Burnell, C.E. Illustrated. is.6d. 

35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. iWith Remarks on the Blowing up of Bridges. 
By Genv Sir John Burgoynb, Bart., K.C.B. Illustrated, zs. 6d. 

43. TUBULAR AND OTHER IRON GIRDER BRIDGES. 
Particularly describing the Britannia and Conway Tubular Bridges. 
With a SKetch of Iron Bridges^ and Illustrations of the Application of 
Malleable Iron to the Art of Bridge Building. By G. D. Demfsby, C.E., 
New Edition, with Illustrations, zs. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
struction on the Science of. By Sir Macdonald Stephenson, C.E. 
New Edition, revised and enlarged by Edward Nugent, C.E. Plates and 
numerous Woodcuts. 3s. 
8o*. EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual Embankments, and also Practical Remarks on the 
Repair of old Sea Walls. By John Wiggins, F.G.S. New Edition, with 
Notes by Robert !Mallet, F.R.S. as^ 

81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geoloeical Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinery 
for raising Water. By Samuel Hughes, F.G.S., C.E. New Edition, 
revised and enlarged, with numerous Illustrations. 4s. 
8a«*. GAS WORKS, and the Practice of Manufacturing and Distributing 
Coal Gas. Bv Samuel Hughes, C.E. New Edition, revised by W. 
Richards, C.E. Illustrated. 3s. 6d. 
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Civil Engineering, etc., continued. 

117. SUBTERRANEOUS SURVEYING; an Elementary and Prac- 

tical Treatise on. By Thouas Fenwick. Also the Method of Conducting' 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
modem Improvements. By Thomas Baker, C.£. Illustrated. 2s. 6d. 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 

121. RIVERS AND TORRENTS, With the Method of Regulating 
their Courses and Channels. By Professor Paul Frisi, F.R.S., of Milan. 
Towhichisadded.AN ESSAY ON NAVIGABI.E CANALS. Translated 
by Major-Generai John Garstin, of the Bengal Engineers. Plates, as. 6d. 



MECHANICAL ENGINEERING, ETC. 

33. CRANES^ the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection of Buildings, and for Hoisting Goods. By 
Joseph Glynn, F.R.S., &c. Illustrated, is. 6d. 

34. THE STEAM ENGINE, a Rudunentary Treatise on. By Dr. 
; Lardner. Illustrated, is. 6d. 

59. STEAM BOILERS : their Construction and Management. By 
R. Armstrong, C.E. Illustrated, xs. 6d. 

63. AGRICULTURAL ENGINEERING: Fann Buildings, Motive 
Power, Field Machines, Machinery, and Implements. By G. H. Andrews, 
C.E. Illustrated. 3s. 

67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Edmund Beckett (late Edmund Beckett Denison, LL.D., Q.C.) 
A new, Revised, and considerably Enlarged Edition (the 6th), with very 
numerous Illustrations. 4s. 6d. S^Jusi publish^, 

77». THE ECONOMY OF FUEL, particularly with Reference to 
Reverbatory Furnaces for the Manufacture of Iron, and to Steam Boilers. 
By T. Symes Pridbaux. is. 6d. 

82. THE POWER OF WATER, as appUed to drive Flour Mills, 
and to give motion to Turbines and other Hydrostatic Engines. By Joseph 
Glynn, F.R.S., &c. New Edition, Illustrated. 2s. 

98. PRACTICAL MECHANISM, the Elements of; and Machine 
Tools. By T. Baker. C.E. With Remarks on Tools and Machinery, by 
J. Nasmyth, C.E. Plates, ss. 6d. 

114. MACHINERY, Elementary Principles of, in its Construction and 

Working. Illustrated by numerous Examples of Modem Machinery for 
different Branches of Manufacture. By C. D. Abel, C.E. xs. 6d. 

115. ATLAS OF PLATES. Illustrating the above Treatise. By 

C. D. Abel, C.E. 7s. 6d. 

125. THE COMBUSTION OF COAL AND THE PREVENTION 
OF SMOKE, Chemically and Practically Considered. With an Appendix. 
By C. Wye Williams, A.I.C.E. Plates. 3s. 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 
of, with Rules at length, and Examples for the Use of Practical Men. By 
T. Baker, C.E. Illustrated, xs. 6d. 

162. THE BRASS FOUNDER'S MANUAL; Instructions for 
Modelling, Pattern -Making, Moulding, Turning, Filing, Burnishing, 
Bronzing, &c. With conious Receipts, numerous TaBles, and Notes on Prime 
Costs and Estimates. By Walter Graham. Illustrated. 2s. 6d. 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, &c., &c. By J. G. Winton. Illustrated. 3s. 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. as. 6d. 
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Mechanical Engineering, etc., continued, 

166. POWER IN MOTION: Horse-Power, Motion, Toothed-Wheel 

Gearing, Long and Short Driving Bands, Angular Forces. By Jambs 
Armour, C.E. With 73 Diagrams. 2s. 6d. 

167. THE APPLICATION OF IRON TO THE CONSTRUCTION 

OF BRIDGES, GIRDERS, ROOFS, AND OTHER WORKS. ShowlnP- 
the Principles upon which such Structures are designed^ and their Practit al 
Application. By Francis C ampin, C.E. Second Edition, revised and 
corrected. Numerous Woodcuts. 2s. 6d. 

171. THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Engineer. Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, tormerly of R.S.N.A., Soutn 
Kensington. Third Edition. Illustrated with 7 Plates and nearly 350 Wood- 
cuts. 3s. 6d. 

190. STEAM AND THE STEAM ENGINE, Stationary and 
Portable. An elementary treatise on. Being an extension of Mr. John 
Sewell's " Treatise on Steam." By D. Kinnear Clark, C.E., M.I.C.E. 
Author of " Railway Machinery," " Railway Locomotives," &c., &c. With 
numerous Illustrations. 3s. 6d. [Jusi Published, 



SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE, the Rudiments of; or, an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for the Use of Beginners. By 
Ja&ies Peake, School of Naval Architecture, H.M. Dockyard^ Portsmouth. 
Fourth Edition, corrected, with Plates and Diagrams. 3s. 6d. 

53». SHIPS FOR OCEAN AND RIVER SER VICE, Elementary 
and Practical Principles of the Construction of. By Hakon A. Sommer- 
FELDT, Surveyor of the Royal Norwegian Navy. With an Appendix, is. 

53**. AN ATLAS OF ENGRAVINGS to Illustrate the above. Twelve 
large folding plates. Royal 4to, cloth. 7s. 6d. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Rudimentanr Treatise on. Also Tables of Spars, Rigging, Blocks ; Chain, 
Wire, and Hemp Rones, &c., relative to every class of vessels. Together 
with an Appendix of Dimensions of Lf asts and Yards of the Royal Navy of 
Great Britain and Ireland. By Robert Kipping, N.A. Thirteenth Edition. 
Illustrated, xs. 6d. 

54*. IRON SHIP-BUILDING, With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. B^ John Grantham, Con- 
sulting Engineer and Naval Architect. Fifth Edition, with important Addi- 
tions. 4s. 

54**. AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 
"Warrior," "Hercules,^' " Bellerophon ; " H.M. Troop Ship "Serapis," 
Ii ' n Floating Dock, &c., &c. 4to, boards. 38s. 

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 

Navigation. I. How to Keep the Log and Work it ofL II. On Finding the 
Latitude and Longritnde. By James Greenwood, B.A., of Tesus College, 
Cambridge. To which are added. Directions for Great Circle Sailing ; an 
Essay on the Law of Storms and Variable Winds ; and Explanations of 
Terms used in Ship-building. Ninth Edition, with several Engravings and 
Coloured Illustrations of the Flags of Maritime Nations. 2s. 

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Together with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robert Murray, C.E.. 
Engineer-Surveyor to the Board of Tride. With a Glossary of Technical 
Terms, and their Equivalents in French, German, and Spanish. Fifth Edition, 
revised and enlarged. Illustrated. 3s. 
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Shipbuilding, Navigation, etc., continued. 

SS^is. THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles regulating Ship-building. By 'W. 
Bland. Sixtn Edition, revised, with numerous Ulustrations and Models, js. 6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. With Attempts to facilitate the Finding of the Time and the 
Longitude at Sea. By J. R.. Yoimo, formerly Professor of Mathematics in 
Belfast College. Illustrated, as. 6d. 

100*. TABLES intended to facilitate the Operations of Navigation and 
Nautical Astronomy, as an Accompaniment to the above Book. By J. R. 
Young, zs. 6d. 

106. SHIPS' ANCHORS^ » Treatise on. By George Cotsell, 

N.A. Illustrated, xs. 6d. 

149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting, and the Centre of Effort of the Sails. Also, Weights 
and Sizes of Ropes ; Masting, Rigging, and Sails of Steam Vessels, &c., &c. 
Tenth Edition, enlarged, with an Appendix. By Robert ELippino, l^JV., 
Satlmaker, Quayside, Newcastle. Illustrated, as. 6d. 

155. THE ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 
F. M'Carthy, late of the Ordnance Survey Office, Southampton. 3s. 



PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY, for the Use of Beginners. By Professor George 

FowNBS, F.R.S. With an Appendix, on the Application of Chemistry to 
Agriculture, zs. 

2. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science in 
King's College School, London. Woodcuts, xs. 6d. 

4. MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsay, Jun. Woodcuts and Steel Plates, js. 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

position of the General Principles of Mechanical Science, and their Applica- 
tions. B^ Charles Tomlinson, Lecturer on Natural Science in lung's 
College School, London. Illustrated, xs. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., &c. With considerable Additions by R. Sabine, C.E., 
F.S.A. Woodcuts, xs. 6d. 
7». GAL VANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, revised, with considerable Additions, by Robert Sabine, C.E., 
F.S.A. Woodcuts, zs. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Magnetical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlarged by H. M. 
NoAD, Ph.D., Vice-President of the Chemical Society, Author of "A 
Manual of Electricity," &c., &c. With 165 Wooocuts. 3s. 6d. 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

with Descriptions of some of the Apparatus. By R. Sabinb, C.E., F.S.A., &c. 
Woodcuts. 3s 

12. PNEUMATICS, for the Use of Beginners. By Charles 

ToMUNSON. Illustrated, ts. 6d. 

7a. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. With Appendix by 
Ralph Tatb, A.L.S., F.G.S. With numerous Plates and 300 Woodcuts, 
6s. 6d. Cloth boards, 7s. 6d. 
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Physical Science, Natural Philosophy, etc., continued, 

^9^^. PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D. Van Monckhovbn, 
by W. H. Thornthwaitb, Ph.D. Woodcuts, is. 6d. 

96. ASTRONOMY, By the Rev. R. Main, M.A., F.R.S., &c. 

New and enlarged Edition, with an Appendix on " Spectrum Analysis." 
Woodcuts. IS. 6d. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynaipics, and 
Central Forces. By T. Baker, C.E. is. 6d. 

138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
TRICITY, and PRACTICAL TELEGRAPHY, for the Use of Students, 
bv W. McGregor, First Assistant Superintendent, Indian Gov. Telegraphs. 
Woodcuts. 3s, 

143. EXPERIMENTAL ESSAYS, By Charles Tomlinson. 

I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards the Light. III. HistoryoftheModem Theory of Oew. Woodcuts. x». 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's " Rudiments of Geology." By Ralph Tate, A.L.S., &c. Numerous 
Woodcuts. 28. 

174. HISTORICAL GEOLOGY, parUy based on Major-General 

Portlock's " Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts. 2s. 6d. 
173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

^ Historical. Partly based on Major-Greneral Portlock's " Rudiments of 
J-- Geology." By Ralph Tate, A.L.S., F.G.S., &c., &c. Numerous lUustra- 

't"' tions. In One Volume. 4s. 6d. 

183. ANIMAL PHYSICS, Handbook of. By DiONYSius Lardner, 

^ D.C.L., formerly Professor of Natural Philosophy and Astronomy in Uni- 
versity College, London. With 520 Illustrations. In One Volume, cloth 
104. boards. 7s. 6d. 

%* Sold also in Tzvo ParfSy as follows : — 

183. Animal Physics. By Dr. Lardner. Part I., Chapter I— VII. 4s. 

184. Amihal Physics. By Dr. Lardner. Part II. Chapter VIII—XvHI. 3s. 



MINING, METALLURGY, ETC. 

117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle.r By Thomas Fbnwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d. 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys 
By Robert H. Lamborn, Ph.D. Wooacuts. 2s. 6d. 

134. METALLURGY OF SILVER AND LEAD, A Descriptioig 

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr« 
R. H. Lamborn. Woodcuts. 2s. 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 

ander Watt, F.R.S.S.A. New Edition. Woodcuts, as. 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. Comprising Observations on the Materials from, and 
Processes by which they^ are manufactured ; their Special Uses, Applica- 
tions, Qualittes^ and Efficiency. By William Morgans, Lecturer on Mining 
at the Bristol School of Mines. 2s. 6d. 

172* MINING TOOLS, ATLAS of Engravings to Illustrate the 
above, containing 235 Illustrations of Mining Tools, drawn to Scale. 4to. 
4s. 6d. 

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C. 
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Mining, Metallurgy, etc., continued. 

176. METALLURGY OF IRON, a Treatise on the. Containing 
Outlines of the History of Iron Manufacture, Methods of Assay, and Analyses 
of Iron Ores, Processes of Manufacture of Iron and Steel, &c. By H. 
Bauerman, F.G.S.. Associate of the Royal School of Mines. Fourth 
Edition, revised and enlargeil, with numerous Illustrations. 4s. 6d. 

fSo. COAL AND COAL MINING: A Rudimentary Treatise on. 
By Warinoton W. Smvth. M.A., F.R.S^ &c.. Chief Inspector of the 
Mines of the Crown and of the Duchy of Cornwall. New Edition, revised 
and corrected. With numerous Dlustrations. 3s. 6d. 



EMIGRATION. 

154. GENERAL HINTS TO EMIGRANTS. Containing Notices 

of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c., &c. With Directions and Recipes useful to the 
Emigrant. With a Map of the World. 8S. 

157. THE EMIGRANTS GUIDE TO NATAL, By Robert 
James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. as. 

159. THE EMIGRANT'S GUIDE TO AUSTRALIA, New South 

Wales, Western Australia, South Australia, Victoria, and Queensland. By 
the Rev. Jambs Baird, B.A. Map. as. 6d. 

160. THE EMIGRANTS GUIDE TO TASMANIA and NEW 

ZEALAND. By the Rev. James Baird, B.A. With a Map. as. 

iSg&THE EMIGRANTS GUIDE TO AUSTRALASIA. By the 
160. Rev* J* Bairix B.A. Comprising the above two volumes, lamo, cloth boards. 
With Maps of Australia and New Zealand. 5s. 



AGRICULTURE. 

29. THE DRAINAGE OF DISTRICTS AND LANDS. By 
G. Drysdalb Dkmpsby, C.E. Illustrated, is. 6d. 
%* WitA " Drainage of Towns and Buildings," in One Val., ys. 6d. 

63. AGRICULTURAL ENGINEERING: Farm Bmldings, Motive 
Powers and Machinery of the Steading, Field Machines, and Implements. 
By G. H. Andrews, C.E. Illustrated. 3s. 

66. CLAY LANDS AND LOAMY SOILS. By Professor 

Donaldson, is. 
131. MILLER'S, MERCHANTS, AND FARMER'S READY 
RECKONER, for ascertaining at sight the value of any quantity of Com, 
from One Bushel to One Hundred Quarters, at any given price, nom £xto 
£s per Quarter. Together with the approximate vailues of Millstones and 
MillworK, &c. IS. 

140. SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING AND FARMING ECONOMY, Notes, Historical 

and Practical, on. (Vol. 2. Outlines of Modern Farming.) By R. Scott 
Burn. Woodcuts. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OF Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outlines of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

•«• Nos. I40-X-2-5-6, in One Vol., handsomely half-bound, entitled ** Outunes of 
Modern Farming." By Robert Scott Burn. Price Z2s. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Breuil, Revised by Geo. Glennv. 187 Woodcuts. 3s. 6d. 

LONDON: CROSBY LOCK WOOD AND CO., 
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FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 
Students and Amateurs in Architecture, Painting, 8cc. By Gborgb Pynb, 
Artist. Woodcuts. 2s. 

40. GLASS STAINING ; or, Painting on Glass, The Art of. Com- 

prising Directions for Preparing the Pigments and Fluxes, laying them upon 
the Glass, and Firing or Burning in the Colours. From the German of Dr. 
Gbssbrt. To which is added, an Appendix on Thb Art of Enamelung, 

41. PAINTING ON GLASS, the Art of. From the German of 

Emanuel Otto Fromberg. ts. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Examples. By Charles Child Spencer. 2s. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises and Lessons. Written and Selected from the Best Masters, by Charlbs 
Child Spei^i^er is 6d 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature, 
Painting on Ivor^*, Vellum, Pottery, Enamel, Glass, &c. With Historical 
Sketches of the Progress of the Art by Thomas John Gullick, assisted by 
John Timbs, F.S.A. Third Jidition, revised and enlarged, with Frontispiece 
and Vignette. 5s. 

186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By £lus A. 
Davidson, Author of " Drawing for Carpenters," &c. With two new 
Coloured I>iagrams and numerous Engravings on w'ood. as. 6d. 



\ ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

I 32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

their Construction and the Methods of Testing, Adjusting, and Using them 

' are concisely Explained. By J. F. Heather, M.A., of the Royal Military 

Academy, Woolwich. Originsil Edition, in i vol., Illustrated, is. 6d. 

: •»• In ordering ike above ^ be careful io say, " Original Edition, '* or^ve the number 

^ in the Series (32} to distinguish it from the Enlarged Edition in 3 vols. 

(Nos. 168-Q-70.) 
60. LAND AND ENGINEERING SURVEYING, sl Treatise on; 
with all the Modern Improvements. Arranged for the Use of Schools and 
Private Students ; also for Practfcal Land Surveyors and Engineers. By 
T. Baker, C.E. New Edition, revised by Edward Nugent, C.E. Illus- 
trated with Plates and Diagrams. 2s. 

ti^, READY RECKONER FOR THE ADMEASUREMENT OF 
LAND. By Abraham Arman, Schoolmaster, Thurleigh, Beds. To which 
is added a Table^ showing the Price of Work, from 2s. 6d. tO;^i per acre, and 
Tables for the Valuation of Land, from is. to ;^i,oooper acre, and from one 
pole to two thousand acres in extent, &c., &c. is. 6d. 
Id, DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. Monob. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By 
J. F. Heather, M.A. Illustrated with 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. 2s. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

fiving the various Modes of Delineating Solid Forms by Constructions on a 
ingle Plane Surface. By T. F. Heather, M.A. {In preparation. 

•,• The above three volumes will form a Complete Elementary Course of 

Mathematical Drawing. 
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Mining, Metallurgy, etc., continued, 

176. METALLURGY OF IRON, a Treatise on the. Containing 
Outlines of tbe History of Iron Manufacture, Methods of Assay, and Analyses 
of Iron Ores, Processes of Manufacture of Iron and Steel, &c. By H. 
Baubrman, F.G.S.. Associate of the Royal School of Mines. Fourth 
Edition, revised and enlarged, with numerous Illustrations. 4s. 6d. 

fSo. COAL AND COAL MINING: A Rudimentary Treatise on. 
By Warinoton W. Smtth. MA., F.R.S., &c., Chief Inspector of the 
Mines of the Crown and of the Duchy of Cornwall. New Edition, revised 
and corrected. With numerous Dlustrations. 3s. 6d. 



EMIGRATION. 

154. GENERAL HINTS TO EMIGRANTS, Containing Notices 

of the various Fields for Emigrat'.on. With Hints on Preparation for 
Emigrating, Outfits, &c., &c. With Directions and Recipes useful to the 
Emigrant. With a Map of the World. 2S. 

157. THE EMIGRANTS GUIDE TO NATAL, By Robert 
James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected to 
the present Date. Map. 2s. 

159. THE EMIGRANT'S GUIDE TO AUSTRALIA, New South 

Wales, Western Australia, South Australia, Victoria, and Queensland. By 
the Rev. Jambs Baird, B.A. Map. as. 6d. 

160. THE EMIGRANT'S GUIDE TO TASMANIA and NEW 

ZEALAND. By the Rev. James Baird, B.A. With a Map. as. 

iSg&THE EMIGRANTS GUIDE TO AUSTRALASIA, By the 
160. Rc^' J> Baird, B.A. Comprising the above two volumes, lamo, cloth boards. 
With Maps of Australia and New Zealand. 5s. 



AGRICULTURE. 

29. THE DRAINAGE OF DISTRICTS AND LANDS, By 

G. Drysdalb Dbmpsby, C.E. Illustrated, is. 6d. 

•#* Wttk " Drainage of Tozvns and Buildings" in One Vol., 3J. 6^ 
63. AGRICULTURAL ENGINEERING: Farm Buildings, Motive 

Powers and Machinery of the Steading, Field Machines, and Implements. 

By G< H. Andrews, C.E. Illustrated. 3s. 
66. CLAY LANDS AND LOAMY SOILS, By Professor 

Donaldson, is. 
131. MILLER*S, MERCHANTS, AND FARMER'S READY 

RECKONER, for ascertaining at sight the value of any quantity of Com, 

from One Bushel to One Hundred Quarters, at any given price, from j^x to 

£$ per Quarter. Together with the approximate vsLiues of Millstones and 

SiillworK, &c. IS. 

140. SOILS, MANURES, AND CROPS, (Vol. i. Outlines of 

Modern Farming.) By R. Scorr Burn. Woodcuts. 28. 

141. FARMING AND FARMING ECONOMY, Notes, Historical 

and Practical, on. (Vol. 2. Outlines of Modern Farming.) By R. Scott 
Burn. Woodcuts. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outline's 
OF Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outlines of Modern 
Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 

•«• Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled "Outunes of 
Modern Farming." By Robert Scott Burn. Price 12s. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Breuil, Revised by Geo. Glbnnv. 187 Woodcuts. 33. 6d. 

LONDON : CROSBY LOCKWOOD AND CO.» 
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FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS, Adapted to Young 
Students and Amateurs in Architecture, Fainting, &c. By Georgb Pyne, 
Artist. Woodcuts. 2s. 

40. GLASS STAINING; or, Painting on Glass, The Art of. Com- 

prising Directions for Preparing the Pigments and Fluxes, laying them upon 
the Glass, and Firing or Burning in the Colours. From the German of Dr. 
Gbssbrt. To which is added, an Appendix on Thb Ajlt of Enamelung, 

41. PAINTING ON GLASS, the Art of. From the German of 

Emanuel Otto Frombbrg. ts. 

69. MUSIC, A Rudimentary and Practical Treatise on. With 
numerous Examples. By Charles Child Spencbr. as. 6d. 

71. PIANOFORTE, The Art of Playine the. With numerous Exer- 
cises and Lessons. Written and Selected from the Best Masters, by Charles 
Child Spencer, is. 6d. 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. Miniature. 
Painting on Ivon', Vellum, Pottery, Enamel, Glass, &c. With Historical 
Sketches of the Progress of the Art by Thomas John Gullick, assisted by 
John Times, F.S.A. Third Edition, revised and enlarged, with Frontispiece 
and Vignette. 5s. 

186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Elus A. 
Davidson, Author of " Drawing for Carpenten," «cc. With two new 
Coloured I>iagrams and numerous Engravings on Wood. ss. 6d. 



ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 

their Construction and the Methods of Testing, Adjusting, and Using them 

are concisely Explained. By J. F. Heather, M.A.. of the Royal Military 

Academy, Woolwich. Original Edition, in x vol., Illustrated, is. 6d. 

•»• In ordering ike above y be careful to say, " Original Edition^* or give the number 

in the Series (32) to distinguish it front the Enlargea Edition in 3 xm>Is. 

(Nos. 168-Q-70.) 

60, LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modern Improvements. Arranged for the Use of Schools and 
Private Students ; also for Practical Land Surveyors and Engineers. By 
T. Baker. C.E. New Edition, revised by Edward Nugent, C.E. Illus- 
trated witn Plates and Diagrams. 2s. 
ei^. READY RECKONER FOR THE ADMEASUREMENT OF 
LAND. By Abraham Arman, Schoolmaster, Thurleigh, Beds. To which 
is added a Table, showing the Price of Work, from 2s. 6a. tO;^i per acre, and 
Tables for the Valuation of Land, from zs. to ;^ 1,000 per acre, and from one 
pole to two thousand acres in extent, &c., &c. is. 6d. 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. MoNOB. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometrjr to various branches of the Arts. By 
J. F. Heather, M.A. Illustrated with 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. 2s. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

fiving the various Modes of Delineating Solid Forms by Constructions on a 
ingle Plane Surface. By T. F. Heather, M.A. [/n preparation, 

*0* The above three volumes will form a Complete Elbmbntary Course of 

Mathematical Drawing. 
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Arithmetic, Geometry, Mathematics, etc., continued. 

83. COMMERCIAL BOOK-KEEPING, With Commercial Phrases 

and Forms in English. French, Italian, and German. By Tamss Haddon, 
M.A., Arithmetical Master of King's College School, Lon<ion. is. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self- Instruction. By J. R. Young, late Professor 
of Mathematics in Belfiut College. New Edition, with Index* is. 6d. 

84* A Key to the above, containing Solutions in inll to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Youno. is. 6d. 

85. EQUA TIONAL ARITHMETIC^ applied to Questions of Interest, 
85*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be greatly facilitated. By W. Hipslbt. 2S. 

86. ALGEBRAy the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendu, 
containing miscellaneous Investigations, and a Collection of Probleais in 
various parts of Algebra, as. 

86* A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-lnstruc- 
tion. By J. R. Young, is. 6d. 

88. EUCLID , The Elements of : with many additional ProTOsitions 

89, and Explanatory Notes : to which is prefixed, an Introductoiy £ssay on 
Logic. By Henry Law, C.E. 2s. 6d. 

•«• Sold also separately f viz. : — 

88. EucuD, The First Three Books. By Henry Law, C.E. is. 

89. EucuD, Books 4, 5, 6, xi, 12. By Henry Law, C.E. xs. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By Jambs HANN,*late Mathematical Master of 
King's College School, London. A New Edition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College. 2s. 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, xs. 

92. SPHERICAL TRIGONOMETRY, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. xs. 
%* Or with " The Elements of Plane Trigonometry^* in One Volume, 2s. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by £. Nugent, C.E. Illustrated, xs. 6d. 

94. LOGARITHMS, a Treatise on; with Mathematical Tahks for 

facilitatinj^ Astronomical, Nautical, Trigonometrical, and Logarithmic Calcu- 
lations ; l^bles of Natural Sines and Tangents and Natural Cosines. By 
Henry Law, C.E. Illustrated. 2s. 6d. 

loi*. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONSf and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., &c. xt. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise oa the. By 

Homersham Cox, B.A. Illustrated, xs. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, xs. 

loi. DIFFERENTIAL CALCULUS, Examples of the. By W. S. B. 
Woolhousb, F.R.A.S., &c. xs. 6d. 

104. DIFFERENTIAL CALCULUS, Examples and Solutions of the. 

By Jambs Haddon, M.A. xs. 

LONDON: CROSBY LOCKWOOD AND C0.| 



WEALE'S rudimentary series. II 

Arithmetic, Greometry, Mathematics, etc., continued, 
105. MNEMONICAL LESSONS, — Geometry, Algebra, and 

Trigonometry, in Easy Mnemonical J^essons. By the Rev. Thomas 
Pbnyngton Kirkman, M.A. is. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 
Instruction. By James Haddon, M.A. Revised by Abraham Arman. 
IS. 6d. 

Z37. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

147. ARITHMETIC, Stepping- Stone to ; being a Complete Course 

of Exercises in the First Four Rules (Simple and Compound), on an entirely 
new principle. For the Use of Elementary Schools of every Grade. Intended 
as an Introduction to the more extended works on Arithmetic. By Abraham 
Arman. is. 

148. A Key to Stepping-Stonb to Arithmetic. By A, Arman. is. 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoare, C.E. With a 
Slide Rule in tuck of cover. 3s. 

16%. DRAWING AND MEASURING INSTRUMENTS, Includ- 
ing— I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather^ M.A^ late of the Royal 
Military Academy, Woolwich, Author of " Descriptive Geometry," &c., &c. 
Illustrated, is. od. 

169. OPTICAL INSTRUMENTS, Including (more especially) Tele- 

scopes. Microscopes, and Apparatus for producing copies of Maps and Flans 
by Fhotography. By J. F. Heather, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS, 

Includin^^ — ^I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated, is. 6d. 

%• The above three volumes form an enlargement of the Author's original worh. 
" Mathematical Instruments: their Construction^ Adjustment^ Testing, and Use, 
the Eleventh Edition 0/ which is on sale, price is. 6d. (See No. 32 in the Series.) 

i(A.^ MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. r MA. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 

170. J above, in One thick Volume. With numerous Illustrations. Cloth boards. 5s. 

185. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c., &c. ; Unequal-sided, Square-sided, Octagonal- 
sided, Round Timber and Stone^ and Standing Timber. With just Allow- 
ances for the Bark in the respective species of Trees, and proper deductions 
for the waste in hewing the trees, &c. ; also a Table showing the solidity of 
hewn or eight-sided timben or of any octagonal -sided column. Compiled 
for the accommodation 01 Timber-growers, Merchants, and Surveyors, 
Stonemasons, Architects, and others. By_ Richard Horton. Third 
Edition, with considerable and valuable additions. 4s. \^Jusi published. 



LEGAL TREATISES. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, revised and considerably 
enlarged. 3s. [Just published, 

ISI. A HANDY BOOK ON THE LAW OF FRIENDLY, IN- 
DUSTRIAL 6- PROVIDENT BUILDING &- LOAN SOCIETIES. 
With copious Notes. By Nathaniel White, of H.M. Civil Service, is. 

163. THE LAW OF PATENTS FOR INVENTIONS; and on 
the Protection of Designs and Trade Marks. By F. W. Campin, Barrister- 
at-Law.' 2S. 
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Arithmetic, Geometry, Mathemiatics, etc., continued. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English. French, Italian, and German. By Jambs Haddon, 
M.A., Arithmetical Master of King's College School, Lon£>n. is. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self- Instruction. B^ J. R. Young, late Professor 
of Mathematics in Belfiut College. New Edition, with Index* is. 6d. 

84* A Kby to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By J. R. Young, is. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest, 
85*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be greatly £iicilitated. By W. Hipslby. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Anpendix, 
containing miscellaneous Investigations, and a Collection of ProbleBS in 
various parts of Algebra, as. 

86* A Kby and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Seif'-lnstruc- 
tion. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of ; with many additional Propositions 

89. and Explanatory Notes : to which is prefixed, an Introductoiy Essay on 
Logic. By Henry Law, C.E. 2s. 6d. 

•«• Sold also separately y viz. : — 

88. EucuD, The First Three Books. By Hbnry Law, C.E. zs. 

89. Euclid, Books 4, 5, 6, 11, 12. By Henry Law, C.E. is. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By Jambs HANN,'late Mathematical Master of 
King's College School, London. A New Edition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Bel£ut College, ss. 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By James 

Hann. Revised by Charlbs H. Dowling, C.E. is. 
%• Or with " The Elements of Plane Trigonometry*^ in One Volume, 2J. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by E. Nugent, C.E. Illustrated, is. 6d. 

94. LOGARITHMS, a Treatise on; with Mathematical Tables for 

facilitatinj^ Astronomical, Nautical, Trigonometrical, and Logarithmic Calcu- 
lations; l^bles of Natural Sines and Tangents and Natural Cosines. By 
Henry Law, C.E. Illustrated. 2s. 6d. 

loi*. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS^ and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., &c. it. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise oa the. By 

Homershah Cox, B.A. Illustrated, is. 

103. INTEGRAL CALCULUS, Examples on the. By Jambs Hann, 

late of King's College, London. Illustrated, is. 

loi. DIFFERENTIAL CALCULUS, Examples of the. By W. S. B. 
WooLHOUSE, F.R.A.S., &c. IS. 6d. 

104. DIFFERENTIAL CALCULUS, Examples and Solutions of the. 

By Jambs Haddon, M.A. is. 

LONDON : CROSBY LOCKWOOD AND C0.| 



WEALE^S RUDIMENTARY SERIES. II 



Arithmetic, Greometry, Mathematics^ etc., continued, 
105. MNEMONICAL LESSONS. — Geometry, Algebra, and 

Trigonometry, in Easy Mnemonical J^essons. By the Rev. Thomas 
Pbnyngton Kirkman, M.A. is. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By Jambs Haddon, M.A. Revised by Abraham Arhan. 
IS. 6d. 

137. A Kby to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

147. ARITHMETIC, Stepping- Stone to ; being a Complete Course 

of Exercises in the First Four Rules (Simple and Compound), on an entirely 
new principle. For the Use of Elementary Schools of every Grade. Intended 
as an Introduction to the more extended works on Arithmetic. By Abraham 
Arman. is. 

148. A Key to Stepping-Stonk to Arithmetic. By A. Arman. is. 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoare, C.E. With a 
Slide Rule in tuck of cover. 3s. 

168. DRAWING AND MEASURING INSTRUMENTS, Includ- 

ing — ^I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A„ late of the Royal 
Military Academy. Woolwich, Author of " Descriptive Geometry," &c., &c. 
Illustrated, zs. 6a. 

169. OPTICAL INSTRUMENTS, Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Flans 
by Photography. By J. F. Heather, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS, 

Including — ^I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated, zs. 6d. 

%• The above three volumes form an enlargement of the Author's original work, 
'* Mathematical Instruments: their Construction, Adjustment^ Testing, and Use, 
the Eleventh Edition of which is on sale, price is. 6d, (See No, 32 in the Series.) 

iGi.^ MATHEMATICAL INSTRUMENTS, By J. F. Heather, 
Z69. r MA. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 
Z70.J above, in One thick Volume. With numerous Illustrations. Cloth boards. S^* 

185. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c., &c. ; Unequal-sided, Square-sided, Octagonal- 
sided, Round Timber and Stone, and Standing Timber. With just Allow- 
ances for the Bark in the respective species of Trees, and proper deductions 
for the waste in hewing the trees, &c. ; also a Table showing the solidity of 
hewn or eight-sided timber^ or of any octagonal-sided column. Compiled 
for the accommodation of Timber-growers, Merchants, and Surveyors. 
Stonemasons, Architects, and others. By Richard Horton. Third 
Edition, with considerable and valuable additions. 4s. \.J^ust published. 



LEGAL TREATISES. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, revised and considerably 
enlarged. 3s. [Just published. 

ISI. A HANDY BOOK ON THE LAW OF FRIENDLY, IN- 
DUSTRIAL 6- PROVIDENT BUILDING &- LOAN SOCIETIES. 
With copious Notes. By Nathaniel White, of H.M. Civil Service, is. 

163. THE LAW OF PATENTS FOR INVENTIONS; and on 
the Protection of Designs and Trade Marks. By F. W. Campin, Barrister- 
at-Law.' 2s. 
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lo weale's rudimentary series. 

Arithmetic, Geometry, Mathematics, etc., continued, 

83. COMMERCIAL BOOK-KEEPING, With Commercial Phrases 

and Forms in English. French, Italian, and German. By Jambs Hai>z>on, 
M.A., Arithmetical Master of King's College School, Lon^n. is. 

84. ARITHMETIC^ a Rudimentary Treatise on: with full Explana- 

tions of its Theoretical Principles, and numerous Examples for Practice. For 
the Use of Schools and for Self-Instruction. By J. R. Young, late Professor 
of Mathematics in Belfast College. New Edition, with Index* is. 6d. 

84* A Key to the above, containing Solutions in full to the Exercises, toeether 
with Comments, Explanations, and Improved Processes, for the 'Qs/q of 
Teachers and Unassisted Learners. By J. R. Young, is. 6d. 

85. EQUA TIONAL ARITHMETIC, applied to Questions of Interest, 
85*. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be greatly facilitated. By W. Hipslbt. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With AppendijE, 
containing miscellaneous Investigations, and a Collection of ProofeHis in 
various parts of Algebra, ss. 

86* A Key and Companion to the above Book, forming an extensive nqaository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc- 
tion. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of ; with many additional Propositions 

89. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henry Law, C.E. 2s. 6d. 

•«• Sold also separately, vtz, : — 

88. EucuD, The First Three Books. By Henry Law, C.E. zs. 

89. Euclid, Books 4, 5, 6, 11, 12. By Henry Law, C.E. is. 6d. 

90. ANAL YTICAL GEOMETR Y AND CONIC SECTIONS, 

a Rudimentary Treatise on. By Jambs HANN,iate Mathematical Master of 
King's College School, London. A New Edition, re- written and enlai^ed 
by J. R. Young, formerly Professor of Mathematics at Bel&st College. 2S. 

91. PLANE TRIGONOMETRY, the Elements of. By Jamks 

Hann, formerly Mathematical Master of King's College, London, zs. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. zs. 
%• Or with " The Elements of Plane Trigonometry,*' in One Volume, 2s. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by £. Nugent, C.E. Illustrated, zs. 6d. 

94. LOGARITHMS, a Treatise on; with Mathematical Tables for 

facilitatinj^ Astronomical, Nautical, Trigonometrical, and Logarithmic Calcu- 
lations ; Tables of Natural Sines and Tangents and Natural Cosines. By 
Henry Law, C.E. Illustrated. 2s. 6d. 

loi*. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Anal]rsis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., &c. zt. 6d. 

102. INTEGRAL CALCULUS, Rudmientary Treatise oa the. By 

HoMBRSHAM Cox, B.A. Illustrated, zs. 

103. INTEGRAL CALCULUS, Examples on the. By Jambs Hann, 

late of King's College, London. Illustrated, zs. 

loi. DIFFERENTIAL CALCULUS, Examples of the. By W. S. B. 
Woolhousb, F.R.A.S., &c. zs. 6d. 

104. DIFFERENTIAL CALCULUS, Examples and Solutions of the. 

By Jambs Haddon, M.A. zs. 

LONDON: CROSBY LOCKWOOD AND C0.| 
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Arithmetic, Greometry, Mathematics^ etc., continued, 
105. MNEMONICAL LESSONS, — Geometry, Algebra, and 

Trigonometry, in Easy Mnemonical J^essons. By the Rev. Thomas 
Penyngton Kirkman, M.A. is. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 
Instruction. By James Haddon, M.A. Revised by Abraham Arman. 
IS. 6d. 

Z37. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

147. ARITHMETIC, Stepping- Stone to ; being a Complete Course 

of Exercises in the First Four Rules (Simple and Compound), on an entirely 
new principle. For the Use of Elementary Schools of every Grrade. Intended 
as an Introduction to the more extended works on Arithmetic. By Abraham 
Arman. is. 

148. A Key to Stepping-Stone to Arithmetic. By A. Arman. is. 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoare, C.E. With a 
Slide Rule in tuck of cover. 3s. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing— I. Instruments employed in Greometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purnoses of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather^ M.A^ late of the Royal 
Military Academy, Woolwich, Author of " Descriptive Geometry," &c., &c. 

XlltlStT'S.tfiu TS fin 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes. Microscopes, and Apparatus for producing copies of Maps and Flans 
by Fhotography, By J. F. Heather, M.A. Illustrated, is. 6d. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — ^I. Instruments Used for Determining the Geometrical Features 
of a portion of Grround. II. Instruments Employed in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated, is. 6d. 

%• The above three volumes form an enlargement of the Author's original work. 
" Mathematical Instruments: their Construction^ Adjustment y Testing, and Use, 
the Eleventh Edition 0/ which ts on sale, price is. 6d. (See No. 32 in the Series.) 

iGU.^ MATHEMATICAL INSTRUMENTS. By J. F. Heather, 
169. r M.A. Enlarged Edition, for the most part entirely re-wntten. The 3 Parts as 
170.^ above, in One thick Volume. With numerous Illustrations. Cloth boards. 5s. 

185. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c., &c. ; Unequal -sided, Square-sided, Octagonal- 
sided, Round Timber and Stone^ and Standing Timber. With just Allow- 
ances for the Bark in the respective species of Trees, and proper deductions 
for the waste in hewing the trees, &c. ; also a Table showing the solidity of 
hewn or eight-sided timber^ or of any octagonal -sided column. Compiled 
for die accommodation of Timber-growers, Merchants, and Surveyors, 
Stonemasons, Architects, and others. By_ Richard Horton. Third 
Edition, with considerable and valuable additions. 4s. \Just published. 



LEGAL TREATISES. 

so. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, revised and considerably 
enlarged. 3s. [Just published. 

ISI. A HANDY BOOK ON THE LAW OF FRIENDLY, IN- 
DUSTRIAL &- PROVIDENT BUILDING &* LOAN SOCIETIES. 
With copious Notes. By Nathaniel White, of H.M. Civil Service, is. 

163. THE LAW OF PATENTS FOR INVENTIONS; and on 
the Protection of Designs and Trade Marks. By F. W. Campin, Barrister- 
at-Law.' 2s. 
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2 WORKS IN ENGINEERING, SURVEYING, ETC., 

Number's Modern Engineering, First Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1863. Comprising Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, and other Engineering Works, &c. By Wiixiam 
HUMBER, Assoc. Inst C.E., &c Imp. 4to, with 36 Double 
Plates, drawn to a large scale, and Photographic Portrait of John 
Hawkshaw, CE., F.R«S., &c. Price 3/. 3/. half morocco. 

Lisi 0/ the Plates. 

KAMH AND CBSCKIPTION. PLATES. NAMB OF SNGmSKR. 

Victoria Station and Roof— L. B.& S. C. Rail z to 8 Mr. R. Jacomb Hood, C.E. 

Southport Pier 9 and zo Mr. James Brunlees, C.£. 

Victoria Station and Roof— L. C. &D. & G. W. 

Railways zztoxsA Mr. John Fowler, C.E. 

Roof of Cremome Music Hall z6 Mr. WiHxam Humber, CE. 

Bridge avct G. N. Railwav 17 Mr. Josei^ Cabitt, C£. 

Roof of Station— Dutch Rbenish Railway .. zSandzg Mr. Eusched!, C.E. 
Bridge over the Thames— West London £>• 

tension Railway so to 34 Mr. William Baker, C.E. 

Armotu: Plates 25 Mr. James Chalmers, C.E. 

Suspension Bridge, Thames »• 36 to 29 Mr. Peter W. Barlow, C. E. 

The Allen Engine 30 Mr. G. T. Porter, M.E. 

Suspension Bn4ge, Avon 31 to 33 Mr. John Hawkshaw, C.E. 

and W. H. Barlow, C.E, 

Underground Railway 34 to 36 Mr. John Fowler, CE. 

With copious Descriptive Letterpress, Specifications, &c. 



" Handsomely lithographed and printed. It wiU find favour with many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
guidance of the contractors for many important engineering works.**— ^s^^MMrr. 

Humbef^s Modern Engineering. Second Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1-864 5 ^t^ Photographic Portrait of Robert Stephenson, 
CE., MP., F.R.S., &c Price 3/. 3^. half morocco. 

List of the Plates. 

NAMB AND DESCRIPTION. PLATES. NAMS OF BNGZNEBR. 

Birkenhead Docks, Low Water Basin z to 15 Mr. G. F. Lyster, CE. 

Charine Cross Station Roof— C. C. Railway. x6 to z8 Mr. Hawkshaw, C.K 

Digswell Viaduct— Great Northern Railway. 19 Mr. J. Cubitt, C.E. 

Robbery Wood Viaduct— Great N. Railway. ao Mr. J. Culutt, CE. 

Iron Permanent Way.* aoa — — 

Clydach Viaduct— Merthyr, Tredegar, and 

Abergavenny Railway ax Mr. Gardner, CE. 

Ebbw Yiadiict ditto ditto ditto sa Mr. Gardner, CJ£. 

College Wood Viaduct — Cornwall Railway . . 23 Mr. Brunei. 

DuUin Wini«r Palace Roof e4 to ft6 Messrs. Ordish&LeFenvnb 

Bridge over the Thames— L. C & D. RaHw. 37 to 33 Mr. J. Cubitt. CB. 

Albert Ilari)our, Greenock 33 to 36 Messrs. Bell & Millar. 

With copious Descriptive Letterpress, Specifications, &c. 



Britain ; and containing, as it does, carefully executed drawingL with fuU woridac 
details, it will be found a valuable accessory to the professioa at krge.''--!£«^£«Mirr. 



<i 



Mr. Humbcr has done the profession rood and true service, by the fine a^Iectkm 
of examples he has here brougnt before the profession and the public. ''--^fWfilriM/ 
Mechamci* yournal. 



PUBLISHED BY CROSBY LOCKWOOD & CO. 



Humbcf^s Modern Efigimering, Third Series. 

A ?^9?^^ of the PROGRESS of MODERN ENGINEER. 
XNG, 1865. Imp. 4tcs with 40 Double Plates, drawn to a laiee 
scaJe, and Photo Portrait of J. R. M'Clean, Esq., late President 
of the Institution of CivU Engineers. Price 3/. 3J. half morocco. 

JJst of Plates and Diagrams* 



MAIN DRAINAGE, METROPOLIS, 
North Sidb. 

Plate I. Map showing Interception of 
Sewers.— 2 and 3. Middle Level Sewer. 
Sewer under Reeent's Canal ; and Junc- 
tion with Fleet Ditch.— 4, 5, and 6. Out- 
fall Sewer. Bridge orer River Lea. 
Elevation and Details. — 7. Outfall 
Sewer. Bridge over Marsh Lane, North 
Woolwich Railway, and Bow and Barking 
Railway Junction.— 8, 9, and 10. Outfall 
Sewer. Brid|re over Bow and Barking 
Railway. Elevation and Details.— 
11 and 12. Outfall Sewer. Bridge over 
East London Waterworks' Feeder. Ele- 
vation and Details.— 13 and 14. Outfall 
Sewer. Reservoir. Plan and Section.— 
15. Outfall Sewer. Tumbling Bay tmd 
Outlet— 16. Outfall Sewer. Penstocks. 
South Sidh. 

Plates 17 and z8. Outfall Sewer. Ber- 
mocdsey Branch. — ^19, 20, 21, and 22. 



MAIN DRAINAGE, METROPOLIS, 

continued-^ 

Out&n Sewer. Reservoir and .Outlet. 
Plan and Details.— 23. Outfall Sewer. 
Filth Hoist. — 24. Sections of Sewers 
(Noclh and South Sides). 

THAMES EMBANKMENT. 

Plate 25. Section of River WaB.- 
26 and 27. Steam-boat Pier, Westminster. 
Elevation and Details. — 28. Landing 
Stairs between Charing Qross and Waier 
loo Bridges.— 29 and 3a York Gate. 
Front Elevation. Side Elevation and 
Details.— 31, 32, and 3J. Overflow and 
Outlet at Savoy Street Sewer. Details ; 
and Penstock.— 34, 35, and 36. Steam-boat 
Pier, Waterloo Bridge. Elevation and 
Dstails.— 37. Junction of Sewers. Plans 
and Secticms— 38. Gullies. Plans and 
Sections.— 39. Rolling Stock.— 40. Granite 
and Iron Forts. 



With copious Descriptive Letterpress^ &c, 

Humberts Modern Engineering. Fourth Series, 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1866. Imp. 4I0, with 36 Double Plates, drawn to a large 
scale, and Photographic Portrait of John Fowler, Esq., President 
of the Institution of Civil Eiigineeis. Price 3/. 3^. half-morocco. 

List of the Plates and Diagrams, 

NAMB AKS DBSCRIPTION. FJLATBS. NAMB Or BKGIMBKR. 

Abbey Mills Pumping Station, Main Drainage, 

Metropolis i to 4 Mr. Bazalgette, C.E. 

Barrow Docks 5109 Mesare. M^Clean & Stfllman, 

Manc[uis Viaduct, Santiago and Valparaiso [C £. 

Radway xo, tx Mr. W. Loyd, C.E. 

Adams' Locomotive, St Helen's Canal Railw. 12, 13 Mr. H. Cross, C.E. 

Cannon Street Station Roof 24 to x6 Mr. J. Hawkshaw, C.E. 

Road Bridge over the River Moka 17, 18 Mr. K. Wakefield, CE, 

Telegraphic Apparatus for Mesopotamia .... 19 Mr. Siemens, C. E. 

Viaduct over the River Wye, Midland Railw. ao to 22 Mr. W. H. Barlow, C.E. 

St. Germans Viaduct, Cornwall Railway .... 33, 34 Mr. Brunei. C.E. 

Wrought-Iran Cylinder lor Diving ^eU 35 Mr. J. Coode, C. E. 

Millwall Dock*. 361031 Messrs. J. Fowler, C.E., and 

„., _, ^ ^ William Wilson, CE. 

Mdro/s Psitent Excavator 33 Mr. Milroy, CE. 

Metropolitan District Railway. ♦ 3^ to 38 Mr. J. Fowler, and Mr. T. 

,« , M. Johnson, CE. 

Harbours^ Ports, and Breakwaters A to c 

With Copious Descriptive Letterpress^ Specifications, ^c. 



WORKS IN ENGINEERING, SURVEYING, ETC, 



Humbers New Work on Water-Supply. 

A COMPREHENSIVE TREATISE cm the WATER-SUPPLY 
of CITIES and TOWNS. By William Humber, Assoc. Inst 
C.E., and M. InsL M.E. Author of "Cast and Wrought Iron 
Bridge Construction," &c &c. Imp. 4ta Illustrated with 50 
Double Plates, 2 Single Plates» Coloured Frontispiece, and upwards 
of 250 Woodcuts, and containing 400 pages of Tert, el^antly and 
substantially half-bound in morocco. Price 6A 6j; \N<rw ready. 

The Author of the present work has been very Uberally assisted by several 
professional friends who have made this department of engineerings their 
special study, and through the kindness of Messrs, Bateman^ HawksUy, 
Homersham, Bcddwin Latham, Mansergh, Muir, Quick, Rawlinson, 
Simpson, and others, several works, constructed and in course of construc- 
tion, from the designs of these gentlemen, are fully illustrated and described,. 
Valuable Specifications and Tables will also be found appended. 

List of CotUents: — 

L Historical Sketdi of som« of the means that have been adopted for the Supply 
of Water to Qties and Towns. — II. Water and the Foreign Hatter usually asso- 
ciated with it. — III. Rainfall and Evaporation. — IV. Springs and the water- 
bearing formations of various districts.— V. Measurement and Estimation of the 
Flow of Water.— VL On the Selection of the Source of Supply.— VI L Wells.— 
VIII. Rcservoh^.— IX. The Purification of Water.— X. Pumps.— XL Pumping 
Machinery.— XII. Conduits.— XIII. Distribution of Water.— XIV. Meters, Ser- 
vice Pipes, and Hoiise Fittings. — XV. The Law and Economy of Water Works. — 
XVI. Constant and Intermittent Supply.— XVII. Description of Plates.— Appen- 
dices, giving Tables of Rates of Supply, Velocities, &c. &c., together with 
Specificaticms of several Works illustrated, among whidi will be found : — ^Aberdeen, 
Bideford, Canterbury, Dundee Halifax, Lambet^ Rotherham, Dublin, and others. 

List 0/ Plates:— 

X. Wells.— 2. Reservoir Dams and Filter Beds. By R. Rawlinson, C.B. — 
3. Bradford and Sheffield Water Works.— 4. Bombay Water Works.— 5. New River 
Company's Filter Beds.— 6. Leicester Water Works' Filter Beds, &c.— 7. Covered 
Reservous.— 8. Diaisrams of Pumpbg Engines.— 9. Eastbourne Water Works. 
^'?;. H??^***^,y*'," WorksL— XX. Air Vessels and SUnd Pipes.— 12. Mains.— 13. 
Dubbn Water Works.-x4. Livcipool Water Works. -15- Street Appendages, Hy- 
drants, Meters Ac— 16. IT, 18. Bideford Water Works, Reservoir. FUter Beds, Ac 
—10. Dundee Water Woiks.— 20. 21, 22, 23. Rotherham Water Works, Sections of 
Embankment, Byewash, Valve Well, Foot Bridge, Filter Beds, &c. — 24. Port 
Glasgow Water Works.— 25, 26. Manchester Water Works, Sluices. &c.— 27, 28, 
M, jja— Loch Katnne Water Works, Weir, Aqueduct Bridge, Inlet Slufce. Sahnon 
Stoirs, Steaming Well, &c.— 31, 32.-- Halifax Corporation "W^ter Works, Reservoirs, 
Waste War, Embankment,&c.— 33, 34, 35, 36, 37. Aberdeen Water Works, Reser- 
voir, Intake, Embankment, Filters. Cast Iron Aqueduct, High Service Resexvoir, 
Culv«rts, and Overflow Tanks.— 38. Cockermouth Water ^rks. Reservoirs and 
'"jer Beds.— 39. Sunderland Water Works.— 40, 41, 42, 43. Sunderland Engine 
wid Boiler Home, Chimney Shaft, Engme Frame, Pumps, Ac.— 44, 45. 46, 47, 48 — 
Canterbury Water Worics. Depositing and Lime Water Reservoirs, General Plan, 
Engme and Eoiler House, Well Houses, Service Reservoiis and Fillinff Pipes, 
Pumps, EmptyinjB Pipes, &c— 49. Dr. Qark's Softening Process. Plans and Sections 
of Deposuing, Lunc Water, and Service Reservoirs, &c.-so. Water Towers. Wal- 
lasey, Croydon, Birkenhead.— Cole urcd Frontispiece, Diagrams, &c 



PUBLISHED BY CROSBY LOCKWOOD & CO. $ 

Iron and Steel. 

'IRON AND STEEL': a Work for the Forge, Foundry, 
Factory, and Office. Containing Ready, Useful, and Trustworthy 
Information for Ironmasters and their Stocktakers ; Managers of 
Bar, Rail, Plate, and Sheet Rolling Mills ; Iron and Metal 
Founders ; Iron Ship and Bridge Builders ; Mechanical, Mining, 
and Consulting Engineers ; Architects, Contractors, Builders, and 
Professional Draughtsmen. By Charles Hoare, Author ot 
•The Slide Rule,* &c Eighth Edition. Revised throughout and 
considerably enlarged. With folding Scales of "Foreign Mea- 
sures compared with the English Foot," and "fixed Scales of 
Squares, Cubes, and Roots, Areas, Decimal Equivalents, &c." 
Oblong, 32mo, leather elastic-band, 6j. VJ^^* ready, 

^^ Differing materially^ as it does with few exceptions^ in its treatment 
of the various processes, this work also contains a greater amount of 
specicU information on Iron and Steel Working than can be found in 
any other book. It has a purpose beyond the mere shortening of pro- 
cesses ; the endeavour has been made, it is believed successfully, to furnish 
rules so uniform, brief, and simple, that the cutual working of a wide 
range of questions in daily use oy Ironmasters, Engineers, S^c. , may 
be performed in less time, and with less trouble, than is required for 
reference to printed tables. Very little practice and attention to the easy 
instructions and examples given will render any one independent of the 
use of these ready reckoners. — Extract from PrefJace. 

" W« cordially recommend this book to those engaeed in considering the details 

of all kinds of iron and steel works It has been compiled with care and 

accuracy Many useful rules and hints are given for lessening the 

amount of arithmetical labour which is always more or less necessary in arranging 
iron and steel work of all kinds, and a great quantity of useful tables for preparing 
estimates of weights, dimensions, strengths of structures, costs of work, &c. , will be 
found in Mr. Hoare's book.— JVava/ Science. 

WeaUs Engineer^ Pocket-Book. 

THE ENGINEERS', ARCHITECTS', and CONTRACTORS 

POCKET-BOOK (Lockwood & Co.'s; formerly Weale's). 

Published Annually. In roan tuck, gilt edges, with lo Copper* 

Plates and numerousr Woodcuts. Price 6x. 
" A vast amount of really valuable matter condensed into the small dimen- 
sions of a book which is, in resuity, what it professes to be — a pocket-book. .... 
We cordiall>[ recommend the booK.-~C^/«rp' Guardian, 

"It contains a lawe amount of information peculiarly valuable to those for whose 
use it is compiled. We cordially commend it to the engineering and architectural 
professions g&icxaHly."— Mining" journal. 

Iron Bridges^ Girders^ Roofs ^ &c. 

A TREATISE on the APPLICATION of IRON to the CON- 
STRUCTION of BRIDGES, GIRDERS, ROOFS, and OTHER 
WORKS ; showing the Principles upon which such Structures are 
Designed, and their Practical Application. Especially arranged for 
the use of Students and Practical Mechanics, all Mathematical For- 
mulae and Symbols being excluded. By Francis Campin, C.E. 
With numerous Diagrams. i2mo, cloth boards, y, 

" Invaluable to those who have not been educated in mathematics." — Colliery 
Guardian. 
** Remarkably accurate and well written."— ylr/uonr. 
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Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
inth Rules for application in Architecture, the Construction of 
Suspension Bridges, Railwa3rs, &c ; and an Appendix on the 
Power of LocomotiYe Engines, and the effect of Lidined Planes 
aiul Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S., to which are added Experiments by Hodgkinson, Fair- 
BAIRN, and Ejrkaldy ; an Essay (with Illustrations) on the effect 
produced by passing Weights over Elastic Bars, by the Rev. 
ROBERT Willis, M.A., F.R.S. And Formulae for Calculating 
Girders, &c. The whole arranged and edited by W. Humber, 
Assoc. Inst C.E., Author of *' A Complete and Practical Treatise 
on Cast and Wrought-Iron Bridge Construction," &c &c. Demy 
8vo, 400 pp., widi 19 laige Plates, and numerous woodcuts, price 
i&r. cloth. 

"^llie book Is undoubtedly worthy of the highest commeadatioii.'' — Mining 
yammmL 

"The best book on tbe subject wntch has yet appeared. .... We know of 
no work that so completely fulfils its rtasaon.— English Mechanic. 

** The standard treatise upon this particular subject." — Engineer. 

Strains y Formula & Diagrams for Calculation of 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
Humbbr, Assoc. lust C.E., &c. Second Edition. Fcap. 8vo, 
with nearly 100 Woodcuts and 3 Plates, price yj. 6d. cloth. 
'*The arrangement of the matter in this little volume is as convenient as it well 
Could be. . • ,. . The system of ^ employing diagrams as a substitute for complex 
computations is one justly coming into great favour, and in that respect Mr. Humber's 
volume is fully up to the 1xakt%"-^EngineeTing. ^ 
** The formulae are neatly expressed, s^d the diagrams good.*' — Aihenaum, 
"We heartily commend this really handy book to our engineer and architect 
ve9dt*s.**~'Engiith Mechanic. 

Mechanical Engineering. 

A PRACTICAL TREATISE ON MECHANICAL ENGI- 
NEERING : comprising Metalluigy, Moulding, Casting, Forging, 
Tools, Workshop Machmery, Mechanical Manipulation, Manuibc- 
ture of the Steam Engine, &c. &c. With an Appendix on the 
Analysis of Iron and Iron Ore, and Glossary of Terms. By Francis 
Campin, C.E. Illustrated with 91 Woodcuts and 28' Plates of 
Slotting, Shaping, Drilling, Punching, Shearing, and Riveting 
Machines — Blast, Refining, and Reverberatory Furnaces — Steam 
Enj^es, Governors, Boilers, Locomotrres, &c 8yo, doth, izr. 

Steam Engine. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able, an Elementary Treatise on. Being an Extension of Mr. 
John Seweirs Treatise on Steam. By D. Kinnear Clark, 
C.E., M.I.C.E., Author of 'Railway Machinery,* 'Railway 
Locomotives,* &c, &c. With numerous Illustrations. i2mo, cloth 
boards, 4^. 
"'Every essential part of the subject is treated of competently, and in a popular 
•♦vie." — Iron. 
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Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 
with Practical Remarks on Iron Conslraction. By F. W. Shbiids, 
M. Inst C.E. Second Edition, with 5 plates. Royal 8to, 5x. doth. 
CoNTBNTS. — Introductory Remarks ; Beams lK>aded at Centre ; Beams Loaded at 
nnequal distances between supports ; Beams uniforoily Loaded ; Gtrders with triangu- 
lar bracing Loaded at centre ; Ditto, Loaded at unequal distances between supports ; 
Ditto, uniformly Loaded ; Calculation of the Strains on Girders with triangular 
Baainj0i; Cantikrers; Continuotts Girders; Lattice Girden ; Girders with Vertical 
Struts and Diagonal Ties ; Calculation of the Strains on Ditto ; Bow and Suing 
Girders ; Girders of a form not belonging to any rq;u]ar figure ; Plate Girders : ^;>- 
portionments of Material to Strain; Comparison of different Girdas; Pkc^ortioAaC 
Length to Depth of Gtrders ; Charartrr of the Work ; Iroik Iloofa* 

Construction of Iron B earns y Pillars ^ &c. 

IRON AND HEAT, Exhibiting the Principles concerned hi the 
Construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By James Armour, 
C.E. Woodcuts, i2mo, cloth boards, y. 6d, ; dodi limp, af. 6d, 

" A very useful and thoroughly practical litde volume, in eveiy way deserving of 
eirculation amongst working men.**— ^mmi^ yourfuU, 

'* No ironworker who wishes to acquaint himself with the principles of his own 
trade can afford to be without it." — South Durham Mercury, 

Power in Motion. 

POWER IN MOTION : Horse Power, Motion, Toothed Wheel 

Gearing, Long and Short Driving Bands, Angular Forces, &c. 

By James Armour, C>E. With 73 Diagrams. i2mo, doth 

boards, 3^-. td. [ReeenUy published. 

" Numerous illustrations enable the author to convey Us meaning as explicitly as 

it is perhaps possiUe tx> be conveyed. The value of the theoretic andpractical kiMW- 

ledge imparted eaanot well be over eatimated."— AirzMMtfA^r WtMy Chrcnicit, 

Metallttrgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the 
Royal School of Mines. With numerous Ulnstrntioiis. Foinlh 
Edition, revised and much enlarged. i2mo, doth boards, 5^. 6/. 

{Jmt puhlishal. 
" Carefully vrritten, it has the merit of brevitv and conciseness, as to less impoctant 

points, while all material matters are very fully and thorou^y entered mto."— 

StoMdanL 

Trigonometrical Surveying'. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo* 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., with the most useful Problems in Geodesy 
and Practical Astronomy, and Formulae and Tables for Fadlitating 
their Calculation. By Lieut-General Frome, R.E., late In- 
spector- Genexal of Fortifications, &c. Fourth Edition, Enlaxged, 
thoroughly Revised, and partly Re-written. By Captain Charles 
Warren, R.E., F.G.S. With 19 Plates »nd 115 Woodcuts, 
royal 8vo^ price i6x. doth. 
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Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge oi Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Fonntdae, Tables, and General 
Information onRain-fidl, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
CivU Engineer, M.R.I.A. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 14X. cloth. 

'* Undoubtedly an exceedingly useful and elaborate compilation.'* — Iron. 

** Will prove alike valuable to students and engineers in practice : its study will 
prevent the annoyance of avoidable failures, and assist them to select the readiest 
means of successfully carrying out any given work connected with hydraulic en- 
gineering." — Mining^ JaMmaf. 

Drawing fcfr Engineers^ dfc. 

THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Instructor in Engineering 

Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A. , 

South Kensington. Third Edition, carefully revised. With upwards 

of 300 Plates and Diagrams. i2mo, doth, strongly bound, 4J. doT. 

** Even accomplished draiightsmen will find in it much that will be of use to them. 
A copy of it shomd be kept for reference in every drawing t^tliQ.^.*^— Engineering. 
" Indiq)ensable for teachers of engineering drawing."— JlferA^iffKy* Magamisu, 

Ltfuelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telfobd's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Sixth Edition, verv carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts. Svo, 
%s, 6d, dojh. %• Trautwine on Curves, separate, price $s, 

" One of the most important^ text-books for the general surveyor, and there is 
scarcely a question connected with levelling for which a solution wrould be sought but 
that would be satisfactorily answered by consulting the volume."— ^/mm^ journal, 

** The text-book on levelling in most of our engineering schools and cdl^es."— 
Engineer, 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet By Joseph Broadbent, C.E., and Francis 
Campin, C.E. Cr. Svo, oblong, 5^. cloth. 

" Crediuble to both the authors and the publishers. . . . The way in which 
accuracy is attained, by a simple division of each cross section into three elements, 
two of which are constant and one variable, is ingenious." — Athemntm. 

** Likely to be of corsiderable service to eagmeers."SMilding News, 

" Cannot fail to come into general use.** — Mining youmal. 

Tunnelling. 

PRACTICAL TUNNELLING. By F. W. SiMMS. An entirely 
new edition, revised and greatly enlarged by D. KiNNEAR Clark, 
C.E. Imp. Svo. \Tn the Press, 
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Strength of Cast Iron^ &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By the late Thomas Tredgold, Mem. 
Inst C.E., Author of " Elementary Principles of Carpentry," &c. 
Fifth Edition, Edited by Eaton Hodgkinson, F.R.S. ; to 
which are added EXPERIMENTAL RESEARCHES on the 
STRENGTH and OTHER PROPERTIES of CAST IRON. 
By the Editor. The whole Illustrated with 9 Engravings and 
numerous Woodcuts. 8vo, I2J. cloth. 

♦»• Hodgkinson's Experimental Researches on the 
Strength and Other Properties of Cast Iron may be had 
separately. With Engravings and Woodcuts. 8vo, price or. doth. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 
of its Comparative Merits, and an Essay towards an Improved 
System of Construction, adapted especially to secure Safety and 
Economy. By Dr. Ernst Alban, Practical Machine Maker, 
Plan, Mecklenberg. Translated from the German, with Notes, by 
Dr. Pole, F.R.S., M. Inst C*E., &c &a With 28 fine Plates, 
8vo, idr. 6d. cloth. 

"A work like this, which goes thoroughljr into the examination of the high-pressure 
engine, the boiler, and its appendages, &c., is exceedingly useful, and deserves a place 
in every scientific library. ''--vS'/^am Shipping Chronicle, 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By Robert Wilson, late 
Inspector for the Manchester Steam Users' Association for the 
Prevention of Steam Boiler Explosions, and for the Attainment of 
Economy in the Application of Steam. Third Edition. i2mo, 
cloth boards, 328 pages, price 6s, 

" We regard Mr. Wilson's treatise as the best work on boilers which has come 
under our notice, and we consider that all boiler makers and boiler owners should 
give it a place in their libraries." — Engineering. 

" The best treatise that has ever been published on steam boilers.** — Engineer. 

" A valuable contribution to the subject of steam boiler literature The 

book is full of hints which the proprietor of a steam boiler would find it to his advan- 
tage to know." — Iron and Coal Trades Review. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst C.E. Printed on 48 Cards, and sold in a 
cloth box, waistcoat-pocket size, price y, 6d, 

" Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument — no small advanta^ as regards the rapidity 
of work. They are clearly printed, and compactly fitted into a small case for the 
pocket— an arrangement tliat will recommend tnem to all practical men.'* — Enginter. 

** Very handy : a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest hd^ad."'^AtheMtwn. 
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Estimate and Price Book. 

THE CIVIL ENGINEER'S AND CONTRACTOR'S ESTI- 
MATE AND PRICE BOOK for Home or Foreign Service : 
in reference to Roads, Railways, Tramways, Docks, Harbours, 
Forts, Fortifications, Bridges, Aqueducts, Tunnels, Sewers, Water- 
works, Gasworks, Stations, Barracks, Warehouses, &c. &c. &c. 
With Specifications for Pennanent Way, Telegraph Materials, 
Plant, liudntenance, and Working of a Railway ; and a Priced List 
of Machinery, Plant, Tools, &c. By W. D. Haskoll, C.E. 
Plates and Woodcuts. Published annually. 8vo, doth, dr. 
" As furnishine a variety of data on every conceivable want to civil engineers and 
eontractors, this book bas ever stood perhaps unrivalled." — Architect. 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Towns' Water Supplies, Docks and Harbours ; with Description 
and Use of Surveymg Instruments. By W. Davis Haskoll, C. E. , 
Author of "The Engineer's Field Book," ♦* Examples of Bridge 
and Viaduct Construction," &c. Demy Svo, price I2f. dd, doth, 
with 14 folding Plates, and numerous Woodcuts. 
" A most useful and well arranged book for the aid of a student . . • . We 

can strxmely recommend it as a carefully-written and valuable text-book.''~i9»<VU4rr. 
" Mr. Haskoll has knowledge and experience, and can so give expression to it as 

to make any matto* on which he writes, clear to the youngest pupil in a surveyor's 

office."-— Cw/j>>y GuardioM. 
" A volume which cannot fail to prove of the utmost practical utility. .... It 

is one which may be safely recommended to all students who aspire to become dean 

and expert surveyors." — Mining' yaurnal. 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able additions, and a Supplementary Volume on WATER- 
WORKS, SEWERS, SEWAGE, and IRRIGATION. By W. 
Davis Haskoll, C.E. Numerous folding Plates. Demy 8vo, 2 
▼ols. in one, cloth boards, i/. \s, (published at 2/. 4.r.) 

Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Survejring, with new Traverse Tables j and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Minend Properties: to which is appended M. THOMAN'S (of 
the Cr<kiit Mobilier, Paris) TREATISE on COMPOUND IN- 
TEREST and ANNUITIES, vnth LOGARITHMIC TABLES. 
By William Lintern, Mining and Civil Engineer. i2mo, 
strongly bound in doth boards, with four Plates of Diagrams^ 
Plans, &c., price lor. 6d, 
** Contains much valuable information given in a small compass, and which, as £ur 

as we have tested it, is thoroughly trustworthy."— /r*» and Coal Traded Review. 
** The matter, arrangement, and illustration of this work are all excellent, aoxl make 

k one of the best of ito )dDd.".'^tandard. 
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Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire -Engines, their Constniction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp., demy Svo, price i/. 4J'. cloth. 
*' We can most heartily commend tnis book. .... It is resdly the only English 
work we now have upon the subject."— Jfw^rw^rmjf. 

* We strongly recommend the book to the notice of all who are in any way in- 
terested in fires, fire-engines, or fire-brigades." — MecMamei MagaaifU, 

Mantcal of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at tlie Bristol School of Mines. Volume of Text. 
l2mo. With an Atlas of Plates, containing 235 Illustrations. 4to. 
Together, price 9j. cloth boards. 
*' Students in the Science of Mining, and not only they, but subordinate officials in 

mines, and even Overmen, Captains, Managers, and Viewers may gain practical 

knowledge and useful hints by the study oif Mr. Mongans's Manuiu."—- CMkfy 

Guardian. 

"A very valuable work, which will tend materially to improve our mining liteca- 

ture,'*— Jlfftwm^ Journal. 

Gas and Gasworks. 

A TREATISE on GASWORKS and the PRACTICE of 
MANUFACTURING and DISTRIBUTING COAL GAS. 
By Samuel Hughes, C.E. Fourth Edition, revised by W, 
Richards, C.E. With 68 Woodcuts, bound in cloth boards, 
i2mo, price 4r. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Greological Formations of 
England as influencing Supplies of Water. By Samuel Hughbs, 
F.G.S., Civil Engineer. New and enlarged edition, i2mo, doth 
boards, with numerous Illustrations, price 5^. 
*' One of the most convenient, and at the same time reliable works on a subject* 
the vital importance of which cannot be over-estimated." — Bra4ford Oi^rver, 

Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 
Wabington W. Smyth, M.A., F.R.S., &c., Chief Inspector 
of the Mines of the Crown and of the Duchy of Cornwall. New 
edition, revised and corrected. i2mo, cloth boards, with nume- 
rous Illustrations, price 4f. 6</. 
" Every portion of the vMume appears to have been prepared with much care, and 
as an outlme is given of every known coal-field in this and other countries, as well as 
of the two principal methods of working, the book will doubtless interest a very 
large number of readers." — Mining^ yournal. 

'"Certainly experimental skill and rule-of-thumb practice would be greatly ai- 
riched bjr the addition of the theoretical knowledge and scientific information which 
Mr. Warington Smyth communicates in combination with the results of his owa ex- 
perience and personal research." — Colliery Guardian. 
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Field-Book for Engineers. 



THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, CiyU 
Engineer. Third Edition, much enlarged, consisting of a Series 
of Tables, with Rules, Explanations of Systems, and Use of Theo- 
dolite for Traverse Surveying and Plotting the Work with minute 
accuracy by means of Straight Edge and Set Square only ; Levelling 
with the Theodolite, Casting out and Reducing Levels to Datum, 
and Plotting Sections in the ordinary manner; Setting out Curves 
with the Theodolite by Tangential Angles and Multiples with Right 
and Left-hand Readine;s of the Instrument; Setting out Curves 
without Theodolite on the System of Tangential Angles by Sets of 
Tangents and Offsets ; and Earthwork Tables to 80 feet deep, cal- 
culated for every 6 inches in depth. With numerous wood-cuts, 
l2mo, price \zs, cloth. 

"A very useful work for the practical engineer and surveyor. Every person 
engaged in engineering field operations will estimate the importance of such a work 
and uie amount of valuable time which will be saved by reference to a set of reliable 
tables prepared with the acciuacy and fulness of those given in this volume.'*— 'i?M/> 
way News. 

" The book is very handy, and the author might have added that the separate tables 
of sines and tangents to every minute will make it useful for many other purposes, the 
genuine traverse tables existing all the saxsie.**—-Athetutum, 



** The work forms a handsome pocket volume, and cannot fail, from its portability 
and utility, to be extensively patronised by the engineering profession.'^Jtfmf»^ 

"We strongly recommend Mr. Haskoll's ' Field Book' to all classes of surveyors." 
"—Coliiefy Guardian, 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.K, Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 2s» 6d, doth. 

" As a really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth 
work will find a great amount of practical information very admirably arranged, and 
availaUe for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices."— ^r/»a». 

Harbours, 

THE DESIGN and CONSTRUCTION of HARBOURS : A 
Treatise on Maritime Engineering. By Thomas Stevenson, 
F.R.S.E., F.G.S., M.I.C.E. Second Edition, containing many 
additional subjects, and otherwise generally extended and revised. 
With 20 Plates and numerous Cuts. SmaU 4to, 15^. cloth. 

Mathematical and Drawing Instruments. 

A TREATISE ON THE PRINCIPAL MATHEMATICAL 
AND DRAWING INSTRUMENTS employed by the Engineer, 
Architect, and Surveyor. By Frederick W. Simms, M. Inst. 
C.E., Author of " Practical Tunnelling," &c. Third Edition, with 
numerous Cuts. i2mo, price 3^. 6</. cloth. 
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Bridge Construction in Masonry^ Timber^ & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of sdect 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works^ 
illustrated with 6 pages of Diagrams. Imp. 4to, price 2/. lis, 6^« 
lialf-morocco. 
** One of the very few works extant descending to the level of ordinary routine^ and 
treating on the common every-day practice of uie railway engineer. ... A work of 
the present nature by a man of Mr. Haskoll's experience, must prove innduaUe to 
hundreds. The tables of estimates appended to this edition will considerably ^nhf^ng^ 
its value." — Engituerinsc. 

Mathematical Instruments^ their Construction^ &c. 

MATHEMATICAL INSTRUMENTS : their CONSTRUC- 
TION, ADJUSTMENT, TESTING, AND USE; comprising 
Drawing, Measuring, Optical, Surveying, and Astronomical Instru- 
ments. By J. F. Heather, M.A., Author of "Practical Plane 
Geometry," "Descriptive Geometry," &c. Enlarged Edition, for 
the most part entirely rewritten. With numerous Wood-cats, 
i2mo, cloth boards, price 5^. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial 8vo, price Sir. doth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates. By Geo. Watson 
Buck, M. Inst C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E. Imperial 8vo, 12s. doth. 
'*The standard text-book for all engineers regarding skew arches, is Mr. Buck's 
treatise, and it would be impossible to consult a better." — Engineer. 

Pocket-Book for Marine Engineers. 

A POCKET BOOK FOR MARINE ENGINEERS. Con- 
taining useful Rules and Formulae in a compact form. By Frank 
Proctor, A. I.N. A. Second Edition, revised and enlarged. 
Royal 32mo, leather, gilt edges, with strap, price 4J. 
"We recommend it to our reaulers as going far to supply a long-felt want."— 
Naval Science. 

"A most useful companion to all marine engineers." — United Service Gazeiie. 
"Scarcely anything required by a naval engineer appears to have been for* 
gotten.— /fw«. 

*' A very valuable publication ... a means of saving much time and labour. '— > 
New Yorik Monthly EecorJ, 

WeaUs Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, 
ARCHAEOLOGY, the FINE ARTS, &c. By John Weale. 
Fourth Edition, enlarged and revised by Robert Hunt, F.R.S., 
Keeper of Mining Records, Editor of " Ure's Dictionary of ArtS|*' 
&C. l2mo, cloth boards, price 6j. 
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Grantham s Iron Ship-Buildings enlarged. 

ON IRON SHIP-BUILDING; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), induding the latest Examples. Together 
with separate Text, i2mo, doth limp, also considerably enlazged. 
By John Grantham, M. Inst C.E., &c. Price 2/. 2f. complete. 



T. 



3. 



8. 



Hollow and Bar 

Stem Posts. [Pieces. 

Side Flames, Floorini^, and BUge 
Flooriog;s coniimued — K eelsons. Deck 

Beams, Gunwales, and Strineers. 

4. GuBwales c&ntiHued — Lower Dedu, 

and Orlop Beams. 
4fl^ Gunwales and Deck Beam Iron. 

5. Angle-Iron, T Iron, Z Iron, Bulb 

Inm, as RoDjed for Btnldrng. 

6. Rivets, shown in section, natural sue; 

Flush and Lapped Jmits, with 
Single and DouUe Riveting. 

7. Plating, three pbms ; Bulkheads and 
Moifes of Seniriwg them. 

Iron Masts, witib Longitudinal and 

Transverse Sections. 
Sliding Keel, Water BaI]ast.Mou1ding 

the Frames in Iron Ship Building, 

LevdlJng Plates. 
Longkndinal Section, and Half- 

Ineadth Deck Plan of Lai^e Vessels 

on a reduced Scale. 
Midship Sections of Three Vessels. 
Large Vessel^ showii^ Details — Fore 

End in Section, and End View, 

with Stem Post, Cnitcfaes, &c 
LtKTge Fifcr^/,showing Details — After 

Bnd in Sectkm, with End View, 

Stem Fxame for Screw, and Rndder. 
Larg^e ^^mx^/, showing Detaib^^Ac^ i 

«4</.S'«:/ft;ff, half breadth. : 

Machines for Punchins; and Shearing 

Plates and Angle-Iron, and for I 

Bendmg Plates ; Rivet Hearth. j 
15a. Beam-Bending Machine, Indepen- 

dentSbearing, Pondiingand Ang^ I 

Iron Machine. 



i€L 



zo. 



zz. 
rx, 
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Description of PlaUs, 

, Stem and 1 zjft. Double Lever Punching and Shearing 

Machine, arranged for cutting 
Anele and T Iron, with Dividing 
Table and Engine. 
Maekines.~-Gax(ox&^s Rivetis^ Ma- 
dbinc, Driffing and Counter-Smking 
Macnme. 
zfio. Plate Planing Marhinr, 
Z7. Air Furnace for Heating Plates and 
Angle-Iron: Varioos Tools used in 
Riveting and Flaliag. 
x8. Gunwale ; Reel and Flooring ; Plan 

for Sheading widi Cooper. 
18a. Grantham's Improved Panof Sheatlv- 
ing Iron Ships with Copper. 
Ulustzations of the Mafflrric Condi* 

tion of various Iron Ships. 
Gray's Floating Co mp a ss and Bin- 
nacle, with Adjustii^ Mamets, &c. 
Corroded Iron Bolt in Frame trf* 
Wooden Ship ; Jointing PIttes. 
Great Eastern — Ixmgitodinal Sec- 
tions and Half-breadm Flans — ^Mid- 
shm Section, with Details— Section 
in Engine Room, and Paddle Boxe& 
Paddle Sleam Vessel of SteeL 
27. .;ot9i(fMf^>fc— Paddle Vessel of Sled. 
28-9. Proposed Passenger Steamer. 
30l Perstan — Iron Screw Steamer. 

Midship Section of H.M. Steam 

Frigate, Warrior. 
MidJiip Section of H.M. Steam 

Frigate, Hercules. 
Stem, Stern, and Rudder of H.lf. 

Steam Frigate, BellersfhoH. 
Midship Section of H.M. Troop Ship, 

SeraMs. 
Iron fioatb^ Dock. 



19. 



20. 



2Z. 



22-4. 



25-^. 



31. 



3a. 



33. 
34. 



35. 



" A thorou^y practical work, and every question of the many in rdation to iron 
shipping which admit of diversity of opinion, or have various and conflicting personal 
interests attached to them, is treated wttli sober and impartial wisdom and good sense. 
. ... As good a volume for the instmction of the pupil or student of inm naval 
architecture as can be found in any language." — Practical Mechanic^ JamrmaL 

"A voydaboratewock. . . . It foms a most vahiaMe addition to Ae faiatory 
of kon tlunbuilding, while its having been prefnred by one «^ has made the safayect 
his study for many years, and whose qualifications have been repeatedly recogniMd, 
will recommend it as one of practical umity to all interested in diipbaildiiig.'*— ^nwry^ 
emd Navy Gazette. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. By an Enginees. Third Edition. i2mo. 
Sewed, 6d, 

N. B.— 7%/f little work should he in the hands of every person 
having to deal with a Steam Engine of any kind. 
" If steam-users would but learn this little book by heart, and then hand it to 
their stokers to. do the same, and see that the latter do it, boiler explosions would 
become sensations by their rarity."— ^£'ff^/r«A Mechanic. 
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ARCHITECTURE, &c. 

» 

Construction. 

THE SCIENCE of BUILDING : An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Ta&n, M.A.| 
Architect. Illustrated with 47 Wood Engravings. Demy 8vo, 
price &r. dd, cloth. 
" A ttry valuable book, which we strongly recommend to all students.** — Builder, 
** The treatise does credit alike to the author and the publisher/' — En^neer. 
" No architectural student should be without this hand-book." — Architect. 
'* The book is very iax from being a mere compilation ;^ it is an able digiest of 
information which is cmly to be found scattered through various works, and contains 
more really original writing than many putting forth far stronger claims to originality." 
-^Ef^^ineering, 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters' 
and Joiners' work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of 'Quantities and 
Measurements.' 33 Woodcuts. Leather. Waistcoat-pocket size. 2s. 

Beaton's Builder^ and Surveyors' Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, with a Treatise on the Measurement of 
Timbers, and Complete Specifications for Houses, Roads, and 
Drains. B^ A. C. Beaton, Author of ' Quantities and Measure- 
ments.' With 19 Woodcuts. Leather. Waistcoat-pocket size. 2s, 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wiokes, Architect, 
Author of " The Spires and Towers of the Mediaeval Chtuxhes of 
England," &c. First Series, consisting of 30 Plates; Second 
Series, 31 Plates. Complete in i vol. 4to, price 2/. loj; hidf 
morocco. Either Series separate, price i/. *is. each, half morocco. 
" The whole of the designs bear evidence of their being the work of an artistic 

architect, and they will prove very valuable and suggestive to architects, students, and 

amateun." — Building Newt. 

House Painting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of, containing fidl infor- 
mation on the Processes of House Painting in Oil and Distemper, 
the Formation of Letters and Practice of Sign Writing, ^e Prin- 
ciples of Decorative Art, a Course of Elementary Drawing for 
House Painters, Writers, &c., and a Collection of Useful Receipts. 
With 9 Coloured Plates of Woods and Marbles, and nearly 150 
Wood Engravings. By ELL15 A. Davidson, Author of 'Build- 
ing Construction,' 'Drawing for Carpenters,' &C. lamo, 6jr. cloth 
boards. 
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Architecture^ Ancient ami Modern. 

RUDIMENTARY ARCHITECTURE, Andent and Modem. 
ConsisUng of VITRUVIUS, tianskted by Joseph Gwilt, 
F.S.A., &C., with 23 fine copper plates; GRECIAN Archi- 
tectare, by the Eabl of Aberdeen; the ORDERS of 
Architectnie, by W. H. Leeds, Esq ; The STYLES of Archi- 
tectnre of Various Countries, by T. Talbot Bury; The 
PRINCIPLES of DESIGN m Architectnre, by E. L. Garbett. 
In one volume, half-bound (pp. i, 100), copiously illustrated, I2J« 
*«* Sold separately f in two vols.^ asfolknvs — 

ANCIENT ARCHITECTURE. Containing Gwilt's Vitruvius 
and Aberdeen's Grecian Architecture. Price 6x. half -bound. 

N. B. - This is the only edition of VITRUVIUS procurable at a 
moderate price. 

MODERN ARCHITECTURE. Containing the Orders, by Leeds ; 
The Styles, by Bury ; and Design, by Garbett. 6j. half-bound. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
WICK, Architect, Author of " The Palace of Architecture," &c &c. 
New Edition, revised and enlarged. By G. Huskisson Guil- 
LAUME, Architect. Numerous illustrations. i2mo, cloth boards, 41-. 

" Will be found an acquisition to pupils, and a copy ought to be cun^dered as 
necessary a purchase as a box of instruments." — Architect. 

^ ** This is a book which every young architect ought to studv, and, as far as pos- 
sible, learn by heart, for it contains nothing which one would wish to forget." — 
British Architect. 

** Contains a large amount of information, which young architects will do well to 
acquire, if they wish to succeed in the everyday work ot their ^ToicssAon.~-£n£iish 
Mechanic. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne, Author of a " Rudimentary Treatise on Per- 
spective for B^;inner5." With 14 Plates, 4to, 7^. 6d. boards. 
COMTXNTS.— I. Practical Rules on Drawing— Outlines. II. Diuo— the Grecian 
and Roman Orders. III. Practical Rules on Drawing — Perspective. IV. Practical 
Rules on Light and Shade. V. Practical Rules on Colour, &c &c 

Cottages, Villas, and Country Houses. 

DESIGNS and EXAMPLES of COTTAGES, VILLAS, and 
COUNTRY HOUSES; being the Studies of several emment 
Architects and Builders ; consisting of Plans, Elevations, and Per- 
spective Views ; with approximate Estimates of the Cost of each, 
tn 4to, with 67 plates, price i/. u. doth. 

Builders Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK — with which is incorporated Atchley's, and por- 
tions of the late G, R. Burnell's Builders* Price Books—for 1876, 
containing the latest prices of all kinds of Builders' Materials and 
Labour, and of all Trades connected with Building, &c., &c. 
The whole revised and edited by Francis T. W. Miller, Archi- 
tect and Surveyor. Fcap. 8vo, strongly half-be und, price \s. 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
lUustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. Preceded by a Preliminary Essay, and 
Skeletons of SpecScations and Contracts, &c, &c. By Professor 
Thomas L. Donaldson, University College, London, M.I.B.A. 
With A Review of the Law op Contracts, and of the Respon- 
sibilities of Architects, Engineers, and Builders. By W. Cun- 
ningham Glen, of the Middle Temple. 2 vols., 8vo, with 
upwards of iioo pp. of text, and 33 Lithographic Plates, cloth, 
2/. 2x. (Published at 4/.) 
" In these two volumes of x,xoo pages (together), forty-fojr specifications of executed 
works are given, including the specimations for parts of the new Houses of Parliament, 
by Sir Charles Barry, and tor the new Royal Exchange, bv Mr. Tite, M.P. 
iJonaldson's Handbook of Specifications must be bought by a^ architects." — ouiUUrm 

Taylor and Cresys Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq , F.S.A., F.R.I.B.A., and Edwari> 
Cresy, Esq. New Edition, thoroughly revised, and supplemented 
by the most recent accessions to the topography and archaeology of 
that city. Completed under the editorial care of the Rev. Alex- 
ander Taylor, M.A. (son of the late G. L. Taylor, Esq.)^ 
Fellow of Queen's College, Oxford, and Chaplain of Gray's Inn. 
This is the only book which gives on a large scale, and with the 
precision of architectural measurement, the principal Monuments 
of Ancient Rome in plan, elevation, and detaiL Large folio, with 
130 Plates, half-bound, price 3/. 3^. 
*^^* Originally published in two volumes, folio, at 18/, 18/. 

Specifications for Practical Architecture, 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 

A Guide to the Arcliitect, Engineer, Surveyor, and Builder ; with 

an Essay on the Structure and Science of Modem Buildings. By 

Frederick Rogers, Architect. With numerous Illustrations. 

Demy Svo, price ijj., cloth. (Published at i/. los.) 

*«* A volumeof specifications of a practical character being greatly required, and the 

old standard work of Alfred Bartholomew being out of print, the author, on the basis 

of that work, has produced the above. Some of the specifications he has so altered 

as to bring in the now universal use of concrete, the improvements in drainage, the 

use of iron, glass, asphalte, and other material. He has also inserted specifications 

of works that have been erected in his own practice. 

The House-Owner^ s Estimator, 

THE HOUSE-OWNER'S ESTIMATOR ; or. What will it 
Cost to Build, Alter, or Repair? A Price- Book adapted to the 
Use of Unprofessional People as well as for the Architectural 
Surveyor and Builder. By the late James D. Simon, A.R,I.B. A. 
Edited and Revised by Francis T. W. Miller, Surveyor. With 
numerous Illustrations. Second Edition, with the prices carefully 
revised to 1875. Crown Svo, cloth, price 3^. 6d, 

" In two years it will repay its cost a hundred times over." — Field. 

*' A very handy book for those who want to know what a house will cost to build, 
alter, or TVpaxr.**— English Mechanic. 

•• Especially valuable to non-professional readers.— Mining- yeunial. 
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CARPENT RY, ^ TIM BER, &c. 

TredgoliTs Carpentry^ new^ enlarged^ and cheaper 
Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &a To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materials, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (i i of which now first appear 
in this edition), rortrait of the Author, and several Woodcuts. In 
I voL, 4to, published at 2/. 2^., reduced to i/. 5^., doth. 
''Aredgold's Carpentry' ought to be in every architect's and every builder's 



f« << 



library, and those wbb do not already possess it ought to avail themselves of the new 
issue. — Builder. 

** K work whose montunental excdlence must commend it wh e r e ve r skUftil car- 
pentry is concemed. The Author's principles are rather confirmed dian impaired by 
time, and, as now presented, combine the surest base with the most interesting display 
of progressive science. The additional plates are of great intrinsic value."— ^Mft^«n^ 
Neon. 

Grandy^s Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 
and BUILDER'S STANDARD GUIDE. By Richard E. 
Grandy. Comprising : — An Analysis of Deal Standards, Home 
and Foreign, with comparative Values and Tabular Arrangements 
for Fixing Nett Landed Cost on Baltic and North American Deals, 
including] all intermediate Expenses, Freight, Insurance, &c, &c. ; 
together with Copious Information for the Retailer and Builder. 
Second Edition. Carefully revised and corrected. i2nK>, price 
y. 6d, doth. 

*' Everything it pretends to be : built up gradually, it leads one from a forest to a 
treenail, and throws in, as a makeweight, a host of material concerning Imcks, columns, 
cisterns, &c.— 'all that die class to whom it appeals re(}uires." — £fu7uA Mechanic. 

" The only di£Sculty we have is as to what is not in its pages. What we have tested 
of the contents, taken at random, is invariably correct." — Illustrated Buildet's youmal. 

Tables /or Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. Compiled by William Richardson, Accountant. 
Oblong 4to, doth, price 3^. 6d, 

"Win save much labour smd calculation to packing-case makers and those who uae 
packmg-cases." — Grocer, * ' Invaluable labour-saving tAh\cs.'*-~/ronmoniger. 

Nicfwlsoiis Carpenter^ s Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. is, doth. 
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Dowsing s Timber Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of Deals and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertaining the Price of Scantling per Lineal 
Foot of any size, to any given Figure per Cube Foot. Also a 
variety of other valuable information. By William Dowsn«G, 
Timber Merchant. Second Edition. Crovm 8vo, 31. cloth. 
"Everything is as concise and clear as it can possibly be made. There can be nc 
doubt that every timber merchant and b uilder ought to possess it." — Hidl Advertiser, 

Timber Freight Book. 

THE TIMBER IMPORTERS* AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and all Dealers in Wood whatsoever. By William 
Richardson, Timber Broker, author of ** Packing Case Tabies,** 
&c. Crown 8vo, cloth, price 6j. 

MEC HANICS , &c.^^ 

Hortofis Measurer. 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c., &c. ; Unequal-sided, Square-sided, 
Octagonal-sided, Round Timber and Stone, and Standing Timber. 
With just allowances for the bark in the respective species of 
trees, and prqper deductions for the waste in hewing tne trees, 
&c. ; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagonal-sided column. Compiled for the 
accommodation of Timber-growers, Merchants, and Surveyors, 
Stonemasons, Architects, and others. By Richard Horton. 
Second edition, with considerable and valuable additions, i2mo, 
strongly bound in leather, Jj, 
"The office of the architect, engineer, building surveyor, or land agent that is 
without diis excellent and useful work cannot truly be considered perfect in its 
furnishing." — Irish Builder, 

** We have used the imj^oved and other tables in this volume, and have not 
observed any unfairness or maccuracy." — Builder. 

"The tahles we have tested are accurate To the builder stad estate 

agents this work will be most acceptable."— •^rYVrVA Architect, 

"Not only are the best methods of measurement shown, and in some instances 
illustrated by means of woodcuts, but the erroneous systems pursued by dishonest 
dealers are fully exposed The work must be considered to be a valuable addi- 
tion to every gardener's library. — Garden. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in length, 
by I to 108 inches in breadth. For the use of Architects, Surveyors, 
Engineers, Timber Merchants, Builders, &c By James Haw- 
KINGS. Fcp, 3J. fid, cloth. 
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Mechanu^s Workshop Companion. 

THE OPERATIVE MECHANICS WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT ; comprising a great variety of the most 
useful Rules in Mechanical Science ; with numerous Tables of Prac- 
tical Data and Calculated Results. By W, Templeton, Author 
of "The Engineer's, Millwright's, and Machinist's Practical As- 
sistant." Eleventh Edition, with Mechanical Tables for Operative 
Smiths, Millwrights, Engineers, &c. ; together with several Useful 
and Practical Rules in Hydraulics and Hydrodynamics, a variety 
of Experimental Results, and an Extensive Table of Powers and 
Roots. II Plates. i2mo, 5^. bound. 

" As a text-book of reference, in which mechanical and commercial demands are 
judiciously met, Tbmplbton's Companion stands unrivalled.** — Mechanic}? Magazine. 

** Admirably adapted to the wants of a very lar^e class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a g^at many 
men who, in a great measure, owe their rise in life to this little work." — Building News, 

Engineer's Assistant, 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arranged, with Original 
Matter, by W. Templeton. 5th Edition. i8mo, 2s.6d, cloth. 

" So much varied information compressed into so small a space, and published at a 
price which places it within the reach of the humblest mechanic, cannot fail to com- 
mand the sale which it deserves. With the utmost confidence we commend this book 
to the attention of our readers. — Mechanic/ Magazine. 

** Every mechanic should become the possessor of the volume, and a more suitable 
present to an apprentice to any of the mechanical trades could not possibly be made." 
^-Building News. 

Designing Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURING, and VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure* 
ments. By E. Wyndham Tarn, M.A., 8vo, lar. 6^. doth, 

" Tlus useful book should be in every architect's and builder's office. It contains 
a vast amount of information absolutely necessary to be Vxtawsi/'— The Irish Bmlder,. 

" We have failed to discover anything connected with the building trade, firom ex- 
cavating foundations to bell-hangmg, that is not fully treated upon in this valuaUe 
work."— 2:*/ Ariixan, 

*' Mr. Tarn has well performed the task imposed upon him, and has made many 
further and valuable additions, embodying a large amount of information relating to 
the technicalities and modes of construction employed in the several branches of the 
building MiA^*'— Colliery Guardian. 

''Altogether the book is one which well fulfils the promise of its tide-page, and we 
caa thoroughly recommend it to the class for whose use it has been compiled. Mr. 
Tarn's additions and revisi<»is have much increased the usefulness <^ the work, and 

-^ especially augmented its value to s,l\xAtxi\s,**^Engineerin£, 
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MATHEMATICS, &c. 

» 

Gregory^ s Practical Mathematics, 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL. D. , F.R. A. S. Enlarged by Henry Law, C. E. 4th Edition, 
carefiilly revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast College ; Author of " A Course of 
Mathematics," &c. With 13 Plates. Medium 8vo, i/. \s, doth, 
*' As a standard work on mathematics it has not been excelled." — Ariizan. 
" The engineer or architect will here find ready to his hand, rules for solving nearly 
every mathematical difficulty that may arise in his practice. The rules are in all casess 
explained by means of examples, in which every step of the process is clearly worked 
ouC—ButUer. 
"One of the most serviceable books to the practical mechanics of the country. 

In the edition just brought out, the work has again been revised by 

Professor Young. He has modernised the notation throughout, introduced a few 
paraf^raphs here and there, and corrected the numerous typographical errors which 
have escaped the eyes of the former Editor. The book u now as complete as it is 
possible to make it. It is an instructive book for the student, and^ a Text- 
book for him who having once mastered the subjects it treats of, needs occasionally to 
refresh hu memory upon them." — Building News, 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
DOWLING, C. K Second Edition, revised and enlarged. Svo, 
lor. dd, strongly bound. 
'* Mr. Dowling's Tables, whidi are well put together, come just in time as a ready 
reckoner for the conversion of one system into the other." — Atketueum, 

" Their accuracy has been certified by Professor Airy, the Astronomer-RoyaL"— 
BuiUer. 

** Resolution 8.— That advantage will be derived from the recent publication o# 
Metric Tables, by C H. Dowling, Z.^^—Reportqf Section F, BHtisk Association^ 
Bath, 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR; being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 Ions, at 300 Pro- 
gressive Rates, from I Penny to 168 Shillings per cwt., and con- 
taining 1 86, coo Direct Answers, which witn their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will afford an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch. By Henry Harben, Accountant, Sheffield, Author 
of 'The Discount Guide.* An entirely New Edition, carefully 
revised. Royal 8vo, strongly half-bound, 30?. {J^^t Published^ 
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Inwood's Tables^ greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, &c., and £dt tiie 
Renewing of Leases held under Cathedral Churches, Colleges, or 
other corporate bodies; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Next 
Presentations, &c., together with Smart's Five Tables of Ccxnpound 
Interest, and an Extension of the same to Lower and Intermediate 
Rates. By William Intvood, Architect. The 20th edition, with 
conaderable additions, and new and valuable Tables of Lc^arithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &c., by M. F&DOR Thoman, of the Soci^te 
Credit Mobilier of Paris. i2mo, %&, doth. 

*»* This edition [the 20th) differs in many important particulars 
Jrom former ones. The changes consist^ first, in a more convenient 
and systematic arrangement of the original Tables^ and in the removal 
of certain numerical errors which a very careful revision of the whole 
has enabled the present editor to discover ; and secondly, in the 
extension of practical utility conferred on the work by the introduction 
of Tables now inserted for the first time. This new and important 
matter is all so much actually added to Inwood's Tables ; nothing 
has been abstracted from the anginal collection: so that those who have 
been long in the habit of consulting Inwood for any special prof es^ 
sional purpose willy as heretofore, find the information sought still in 
its pages, 

" Those interested in the purchase and sale of estates, and in the adjustment of 
compensation cases, as well as in transactions in annuities, life insurances, &€.» will 
find tiie present edition of eminent service."— ^uc^xn^rrM^. 

Geometry for the Architect^ Engineer^ &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ; giving Rules for the Delineation and AppHoaitioa of 
various G^metrical Lines, Figures and Curves. By E. W. Tarn, 
M.A., Architect, Author of "The Science of BuUdfaig,'* &c. 
With 164 Illustrations. Demy 8vo. I2s, 6d, 

*' No book with the same objects in view has ever been published in which the 
clearness of the rules laid down and the illustrative diagrams have been so saitisr 
fajitory,**— Scotsman, 

Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. With an elaborate Intro- 
duction. By FfeDOR Thoman, of the Soci^t^ Cr^t MobUier, 
Paris. i2mo, doth, 5j; 

"A very powerful work, and the Author has a very ranarkable conmimd of his 
subjeet."— iVe/Srjxwr A, de Morgtut. 

** We recommeod it to the notice of actuaries and accountants.**'— ^/A^»i<giw>»> 
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SCIENCE AND ART. 



The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many himdred Woodcuts. 3 vols, ro^ Svo, extra 
cloth boards, and lettered, price 4/. lor. 



«( 



'A oonipendious encyclopaedia of military knowledge."— JS'^^w^^ Review. 
** The most comprdieiisive work of reference to the military and collateral sciences." 
'"Folunieer Service Gazette, 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwidi. Sixth Edition, crown 
8vo, doth, with separate Atlas of 12 Plates, price 12s, complete. 

Field Fortification. 

HANDBOOK OF FIELD FORTIFICATION, intended for 
the Guidance of Officers preparing for Promotion, and especially 
adapted to the requirements of Beginners. By Major W. W. 
Knollys, F.R.G.S., 93rd Sutherland Highlanders, &c. With 
163 Woodcuts. Crown 8vo, 3^. 6^. cloth. 

Storms. 

STORMS : their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. With Coloured Plates and numerous 
Wood Engravings. Crown 8vo, izr. dd, cloth boards. 

Light-Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report of 
a Tour of Inspection made in 1873. ^X Major George H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text, 8vo, 21J. cloth. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES: their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Dry Salters, Brokers, &c By J. 
W. Slater. Post 8vo, cloth, price *js. 6d, 

*'A complete encyclopaedia of the materia tinctoria. The information given 
respecting each article is full and precise, and the methods of determining the value 
of articles such as these, so liable to sophistication, are given with clearness, and aro 
practical as well as valuable." — Chemist and Druggist. 
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Electricity. 

A MANUAL of ELECTRICITY ; indiiding GalTanian, Mag- 

nedsm, Diamagnetism, Electro-Dynamics, Magno- Electricity, and 

the Electric Td^iaplu By Henry K. Noad, Ph.D., F.C.S., 

Lecturer on Chemistiy at St. Geoige's HospitaL Fourth Edition, 

endrdy rewritten. lUustrated by 500 Woodcnts. 8tq, i/. 41. doth. 

" The oommendations already bestowed in die paces of die Lancet on die former 
edidons ct diis work are more man ever merited by the present. Tbe accounts eiven 
C'f dectridtj and galvanism are not only complete m a scientific sense^ bu^ wfaicn is a 
rarer thing, are popular and interesting.'' — Lancetm 

Text-Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Pb.D., Lecturer on Chemistry at St Geoige's 
HospitaL New Edition, revised and enlarged, with additions on 
Tel^;raphy, by G. E. Preece, Esq. Upwa^ of 400 Illustrations. 

\In Preparation, 

Rttdimentary Magnetism. 

RUDIMENTARY MAGNETISM : being a condse exposition 
of the general principles of Magnetical Science, and the purposes 
to which it has been applied. By Sir W. Snow Harris, F.R.S. 
New and enlarged Edition, with considerable additions by Dr. 
Noad, Ph.D. With 165 Woodcuts. i2mo, cloth, \s. 6d, 

" There is a good index, and this volume of 4x3 ps^es may be considered the best 
posmble manuau on tbe subject of magnetism." — Mechanic/ Magazine. 

"As concise and lucid an exposition of the phenomena of magnetism as we believe 
it b possible to write. " — Eng^lisk Mechanic. 

" Not only will the scientific student find this volume an invaluable book of refer- 
ence, but the general reader will find in it as much to interest as to inform his mind. 
Thou|^ a strictly scientific work, its subject is handled in a simple and readable 
Mltyic -^lUustrated Review. 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In< 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of ** Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
" Treatise of Chemical Analysis." New Edition, Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R,S. 
With numerous Illustrations. Cr. 8vo, I2J. dd. cloth, \yust ready, 

" We recommend^ this book to the careful perusal of every one ; it may be truly 
aflirmed to be of universal interest, and we strongly recommend it to our riaulers as a 
guide^ alike indispensable to the housewife as to the pharmaceutical practitioner."— 
Medical Times. 

** Will be found to be essential to the analysts appointed under the new Act. . . . 
In all cases the mobt recent results are given, and the work is well edited and care- 
fully written. " — Nature. 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S. F.G.S. With numer- 
ous Plates and 300 Woodcuts. Third Edition, Crown 8vo, 7j. dd. 
cloth gilt. 
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Clocks, Watches^ and Bells. 

RUDIMENTARY TREATISE on CLOCKS, WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart, (late E. B. 
Denison), LL.D., Q.C., F.R.A.S., Author of "Astronomy with- 
out Mathematics," &c. Sixth edition, thoroughly revised and 
enlarged, with numerous Illustrations. Limp cloth (No. 67, 
Weale's Series), 41. 6d.; cloth boards, 5j. 6d, 

" As a popular, and, at the same time, practical treatise on clocks and bells, it is 
unapproacKed." — English Mechanic. 

" The best work on the subject probably extant . . . So far as we know it has 
no competitor worthy of the name. The treatise on bells is undoubtedly the best in 
the language. It shows that the author has contributed very much to their modern 
improvement, if indeed he has not revived this art, which was decaying here . . . 
To call it a rudimentary treatise is a misnomer, at least as respects clocks and bells. 
It is something more. It is the most important work of its kind in English."— 
Efipneering. 

The only modem treatise on clock-making." — Horological yournal. 

*' Without havine any special interest in the subject, and even without possessing 
any general aptitude for mechanical studies, a reader must be very unintelligent who 
cannot find matter to engage his attention in this work. The little book now 
appears revised and enlarged, being one of the most praiseworthy volumes in 
Weale's admirable scientific and educational series." — Daily Telegraph. 

" We do not know whether to wonder most at the extraordinary cheapness of this 
admirable treatise on clocks, bv the most able authority on such a subject, or the 
thorough completeness of his work even to the minutest details. The chapter on bells is 
singular and amusing, and will be a real treat even to the uninitiated general reader. 
The illustrations, notes, and indices, make the work completely perfect of its kind." — 
Standard. 

"There is probably no book in the English language on a technical subject so 
easy to read, and to read through, as the treatise on clocks, watches, and bells, 
written by the eminent Parliamentary Counsel, Mr. E. B. Denison — ^now Sir Edmund 
Beckett, ^9x\^"— Architect. 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general— Views of Hume and Powell ; 5. The Miracle of Joshua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. The 
Age of the Fixed Stars— their Distances and Masses. By Professor 
J. R. Young, Author of " A Course of Elementary Mathematics," 
&c. &c Fcap. 8vo, price 5j. cloth lettered. 

" Professor Young's examination of the early verses of Genesis, in connection with 
modem scientific hypotheses, is excellent" — Engjish Churchman. 

'* Distin{;uished Sy the true spirit of scientific mquiry. by great knowledge, by keen 
Iqgical ability, and xn a style peculiarly clear, easy, and energetic." — Nonconformisfn 

** No one can rise from its perusal without being impressed with a sense of the sin- 
gular weakness of modem scepticism." — Baptist Magazine. 

" A valuable contribution to controversial theological literature." — City Press. 

Practical Philosophy. 

A SYNOPSIS of PRACTICAL PHILOSOPHY. By the Rev. 
John Carr, M. A., late Fellow of Trin. Coll., Cambridge. SecondL 
Edition. i8mo, 5^*. cloth* 
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Dr. Lardners Museicm of Science ctnd Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardner, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. Contents : 
The Planets ; are they inhabited Worlds ? — Weather Prognostics — 
Popular Fallacies in Questions of Physical Science — Latitudes and 
Longitudes — Lunar Influences — Meteoric Stones and Shooting 
Stars — Railway Accidents — Light — Common Things: Air — 
Locomotion in the United States-^Cometary Influences — Common 
Things: Water— The Potter's Art— Common Things: Fire- 
Locomotion and Transport, their Influence and Progress — ^The 
Moon — Conmion Things : the Earth — ^The Electric Telegraph — 
Terrestrial Heat — The Stm — Earthquakes and Volcanoes — !Ban>« 
meter, Safety Lamp, and Whitworth's Micrometric Apparatus — 
Steam — The Steam Engine — ^The Eye — The Atmosphere — ^Time 
— Common Things : Pumps — Common Things : Spectacles, the 
Kaleidoscope — Clocks and Watches — Microscopic Drawii^ and 
Engraving — ^Locomotive — ^Thermometer — New Planets : Lever- 
rier and Adams's Planet — Magnitude and Minuteness — Common 
Things : the Almanack — Optical Images — How to observe the 
Heavens — Common Things : the Looking-glass — Stellar Universe 
— The Tides — Colour — Common Things : Man — Magnifying 
Glasses — Instisct and Intelligence — ^The Solar Microscope — ^The 
Camera Lucida — ^The Magic Lantern — ^The Camera Obscora — 
The Microscope — The White Ants : their Manners and Habits — 
The Surface of the Earth, or First Notions of Geography — Science 
and Poetry — ^The Bee — Steam Navigation — ^ectso-Motive 
Power— Thunder, Lightning, and the Aurora Borealis — ^The 
Printing Press— The Crust of the Earth— Comets— The Stereo- 
scope — The Pre-Adamite Earth — Eclipses — Sound. With »p" 
wards of 1200 Engravings on Wood. Li 6 Double Volumes, 
handsomely bound in cloth, gilt, price J^\ \s, 

" The ' MuseoBi of Science and Art' is the most valuable eotttribtttion that has 
ever been made to the Scientific Instruction of every clas& of society." — Sir Daoid 
Brewster m the North British Review. 

'* WheAcr we consider the liberality and beauty of the ifiustrations, die diann of 
the writing, or the dnzable interest of tlie matter, we must express our b^ef that 
there is hardly to be found among the new books^ one diat would be welcomed by 
people of so many ages and classes as a valuable present.'* — ExamUur. 

*♦* Separate books farmed from the above ^ suitable for Workmen^ s 

Libraries^ Science Classes^ &»c. 

Common Things Explained. With 233 Ulustratioss, 5x. doth. 
T&s Electric Telegraph Popularized. loolllustrations, ij;6</. cloth. 
The Microscope. With 147 Illustxatioiis» 2/. cloth. 
Popular Geology. With 201 Illustrations, 2s. &f. cloth. 
Popular Physics. With 85 Illustrations, zr. 6d. cloth. 
Popular Astronomy. With 182 Illustrations, 4J. 6d. cloth. 
Steam and its Uses. With 89 Illustrations, 2s. cloth. 
The Bee and White Ants. With 135 Illustratioas, doth, 2^. 



PUBLISHED BY CROSBY LOCKWOOD & CO. a; 

DR. LARDNER'S SCIENTIFIC HANDBOOKS. 
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Astronomy. 

THE HANDBOOK OF ASTRONOMY. By DiONYSius 
LarDNER, D.C.L., formerly Professor of Natural Philosophy and 
Astxonomy in UniTersity College, London. Fourth Edition. Re- 
vised and Edited by Edwin Dunkin, F.R.S., Superintendent 
of the Altazimuth Department, Royal Observatory, Greoiwich. 
With 38 plates and upwards of lOO Woodcuts. In one thick vol., 
Crown 8vo, price 9J. 6d. cloth. 
" Probably no other book contains the same amount of information in so com- 
pendious and weU-acranged a form— certainly none at the price at which this is 
offered." — Athenaum^ April 8, 1876. 

'A trustworthy and valuable g^ide to the study of astronomy.*'— £»^/uA Mechanic. 

^ics. 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. Lond., of University College, London. 
With 298 Illustrations. Small 8vo, cloth, 448 pages, price 5j. 

Electricity. 

THE HANDBOOK of ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B.A., F.CS. With 400 Illustrations. Small 8vo, cloth, price 5s. 

" The book could not have been entrusted to any one better calculated to preserve 

the terse and ludd style of Lardner, while correcting his errors and brin|;ing up his 

work to the present state of scientific knowledge." — Popular Science Review.. 

Mechanics. 

THE HANDBOOK OF MECHANICS. Revised and en- 
larged by B. LOEWY, F.R.A.S. \Reprintmg. 

Hydrostatics. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R.A.S. With numerous lUnstrations. 5^. \Ju5t publisJied. 

Heat. 

THE HANDBOOK OF HEAT. New Edition, Re-written and 
Enlarged. By Benjamin Loewy, F.R. A. S. [Nearly Ready, 

Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. With 520 
Illustrations. New edition, small 8vo, cloth, 7^. 6d. 732 pages. 

Electric Telegraph. 

THE ELECTRIC TELEGRAPH. New Edition. Revised 
and Re-written by E. B. Bright, F.R.A.S, 140 Illustrations. 
Small 8vo, 2^. 6k/. cloth. 
** One of the most readaUe books extant on the Electric Telegrs^h."— >f Mt^. Mechanic, 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lajidner. 
328 Ulostnitions. Fifth Edition, i vol. ^r. 6</. cloth. 
" Converts, in dear and precise terms, general notions of all the prindpad divisions 
of Physical Sdence." — British Quarterly Review, 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Labdner. 
With TOO Illustrations. Second Edition, i vol. 3^. dd, cloth. 
'* Clearly written, well arranged, and excellently illustrated.'*— CParuJ^Mrrf'CArvwMr. 
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Geology and Genesis Harmonised. 

THE TWIN RECORDS of CREATION; -or. Geology and 
Genesis, their Perfect Harmony and Wonderfbl Concord. By 
Geokgs W. Victor Lx Vaux. With nnmeroiis lUastiations. 
Fcap. 8yo, piice 5/. doth. 
" We can rccommmd Mr. Le Vanz as an alile and in tereatii ig guide to a popular 
ammciation of geological adenoe.'* — Spectator. 

''The andimr coouxmes an unbounded admiration of tcience widi an miboanded 
gMfwiirariftw of the Written Recotd."'— Z.MuiMi Review, 

Geology^ PhysicaL 

PHYSICAL GEOLOGY. (Partly based on Major-General 
Portlock's Rndiments of Geology.) By Ralph Tate, AX.S., 
F.G.S. Nnmerons Woodcuts. i2nio^ 2x. 

Geology^ Historical. 

HISTORICAL GEOLOGY. (Partly based on Major-Geneial 
PortlocJL's Rudiments of Geology.) By Ralph Tate, A.L.S., 
F.G.S. Numerous Woodcuts. i2mo, zr. 6d, 

\* Or Physical and Historical Geology, bound in One 
Volume^ price 5^. 

Wood- Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, price 2x. 6^. 
" The handicraft of the wood-carver, so well as a book can impart it, may be leamt 
fifom ' A Lady's ' publication." — Atheiutitm. 
** A real fractiaU guide. It is very complete. " — Liieraty Ckurckman, 
" The dizections given are plain and easfly understood, and it forms a very good 
introduction to the practical part of the carver's zxty^Engiisk Meckanic 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 
Sketches of the Progress of the Art By Thomas John Gullick, 
Painter, and John Timbs, F.S.A. Second Edition, revised and 
enlarged. With Frontispiece and Vignette. In small Svo, 6f . doth. 
%* nis Work has been adopted as a Prize-book in the Schools of 
Art at South Kensington. 
" A work that may be advanta£[eousIy consulted. Much may be learned, even by 
those who fancy they do not requue to be tauriit, irom die careful perusal of this 
unpretending but comprdiensive Xx^aSaat.'*'—ArtJoumal. 

" A valuable book, which sumtlies a want. It contains a larse amount of (nrieaial 
matter, agreeably conveyed, and will be found of value, as well by the 3roung artist 
seeking information as by the general reuier. We give a cordial wdcome to the book, 
and augur for it an inrrrariiig reputation."— ^i«^U^. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New edition, en- 
larged and adapted to the ase of the Ornamental Painter and 
Designer, by Ellis A. Davidson. With new Coloured Diagrams 
and numerous Engravings on Wood. i2mo, y, cloth boards. 

"One of the most useful of student's books, and probably the best known of the 
few we have on the subject."— ylnrA/'/^r/. 

"The book is a most useful ritumi of the properties of pigments."— .5«/A&r. 

** This treatise forms a most valuable vtidt mecum for the orcamental painter and 
designer. — Scetsman, 
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Delamott^s Works on Illumination & Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 
use of Beginners : with a Rjudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, price 9^. Elegantly bound, cloth antique. 

"A handy book, beautifully illustrated ; the text of which is well written, and cal- 
culated to be useful . . . The examples of ancient MSS. recommended to the student, 
which, with much good sense, the author chooses from collections accessible to all, are 
selected with judgment and knowledge, as well as taste." — Athetueunu 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monograms, Crosses, &c. &c., for the use of 
Architectural and Engineering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c. &c. &c. Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 41. doth. 

"A well-known engraver and draughtsman has enrolled in this useful book the 
result of many years' study and research. For those who insert enamelled sentences 
round gilded chalices, who blazon shop legends over shop-doors, who letter church 
walls with pithy sentences from the Deodogue, this book wul be usefuL"— ^/iA«iMnww. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque ; with several Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons, Decorative Painters, Lithographers, Engravers, 
Caivers, &c. Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, price 4^. cloth. 

" To artists of all classes, but more especially to architects and engravers, this very 
handsome book will be invaluable. There is comprised in it every possible shape into 
which the letters of the alphabet and numerals can be formed, and the talent which 
has been expended in the conception of the vanous plain and ornamental letters is 
wonderful ''•AS'/a«M3fi»n& 

MEDIiEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte, Illuminator, Designer, and 
Engraver on Wood. Containing 21 Plates, and Illuminated Title, 
printed in Gold and Colours. With an Introduction by J. Willis 
BROOKS. Small 4to, 6j. cloth gilt 

" A volume in which the letters of the alphabet come forth glorified in gilding and 
aU the colours of the prism interwoven and intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A poem emblazoned in these characters would be 
only comparable to one of those delicious love letters symbolized in a bunch of flowers 
well selected and cleverly arranged."— ^km. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours. Oblong royal Svo, is, 6d, ia ornamental boards. 
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Yauatt and Burris Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Hasbondry. 
By William Youatt, Esq., V.S. nth Edition, enlarged by 
Robert Scott Burn, Author of "The Lessons of My Farm," &c. 
One large 8vo volume, 784 pp. with 215 Illustrations, i/. \s. half-bd. 

" The standard and text-book, with the farmer and grazier." — Farmer* s Magazine. 

**'A treatise which will remain a standard work on the subject as long as British 
agriculture endures." — Mark Lane Express. 

Spooner on Ske^. 

SHEEP; THE -HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c 
Third Edition, considerably enlarged ; with numerous fine engra- 
vings, including some specimens of New and Improved Breeds. 
Fcp. 8vo, 366 pp., price 6j. cloth. 

" The Dook is decidedly the best of the kind in our language" — Scotsman.. 

*' Mr. Spooner has conferred upon the agricultural class a lasting benefit by em- 
bodyii^ in this work the improvements made in sheep stock by such men as 
Humphreys, Rawlence, Howard, and others." — Hampshire Advertiser. 

" llie work should be in possession of every flock-master." — Banlmry Guardian, 

Scott Burris System of Modern Farming. * 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy, 
Historical and Practical — Cattle, Sheep, and Horses — Management 
of the Dairy, Pigs, and Poultry, with Notes on the Diseases of 
Stock — Utilisation of Town-Sewage, Irrigation, and Reclamation 
of Waste Land. New Edition^ In i vol. 1250 pp., half-bound, 
profiisely illustrated, price I2x. 
"Tnere is sufficient stated wkhin the limits of this treatise to prevtnt a farmer 
from going far wrong in any of his operations." — Observer, 

HortofCs Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
Wages, Marketing, and Decimal Tables. Together with Tables 
for Converting Land-measure from one denomination to another, 
and instructions for Measuring Round Timber. By RICHARD 
HoRTON. i2mo. 2J. strongly bound in* leather. 

Go0d Gardening. 

A PLAIN GUIDE TO GOOD GARDENING j or, How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes on 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, and on the various kinds of Garden Structures. By 
Samuel Wood (late gardener to Sir B. P. Wrey, Bart.), Author 
of 'Gardening for the Cottage.' Second Edition, with very con- 
siderable Additions, &c. , and numerous Illustrations. Crown 8vo, 
pp. 416, cloth elegant, price 5f. 
" A very eood book, and one to be highly recommended as a practical guide. 

The mactical directions are excellent"— ^ /<%«««»;». 

" A thoroughly useful guidebook for the amateur gardener who may want to make 

his plot of land not merely pretty, but useful and profitable."— Z?<»/(k Teiegra/h, 
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Ewart's Land Improver^ s Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULAE, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor and Agricultural Engineer. 
Royal 32mo, oblong, leather, gilt edges, with elastic band, 4J, 

"A compendium long required by land surveyors, agricultural engineers, &c."— 
Sussex Daily News. 

** It is admirably calculated to serve the purpose for which it was. intended."-— 
Scotsman, 

** A compendious and handy little y<:A\xmt,^—S^ctator, 

Hudsofis Tables for Land Valuers, 

THE LAND VALUER'S BEST ASSISTANT: being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. To which are added. Tables for reducing Scotch, Irish, 
and Provincial Customary Acres to Statute Measure ; also, Tables 
of Square Measure, and of the various Dimensions of an Acre in 
Percnes and Yards, by which the Contents of any Plot of Ground 
may be ascertained without the expense of a regular Survey ; &c. 
By R. Hudson, C.E. New Edition, royal 32mo, oblong, leather, 
gilt edges, with elastic band, 4^. 
"Of incalculable value to the country gentleman and professional TsasaJ^'-'Famm' s 
Journal, 

Complete Agricultural Surveyor's Pocket^Book, 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, *js, 6d, 

^^ The ahove forms an unequalled and most compendious Pocket 
Vade-mecum for the Land Agent and Agricultural Engineer, 
"We consider Hudson's book to be the best ready-reckoner on matters relating to 

the valuation of land and crops wb have ever seen, and its combination with Mr. 

Ewart's work greatly enhances the value and usefulness of the latter-mentioned . . 

It is most useful as a manual for reference to those for whom it is intended."— 

North of England Farmer, 

House Property. 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures ; with Explanations and Examples of all kinds of Valua- 
tions, and useful Information and Advice on Building. By Edward 
Lance Tarbuck, Architect and Surveyor, i^mo, 5x. cloth boards. 

"We are ^lad to be able to recommend it.*' — Builder. 
•* The advice is thoroughly practical."— Z^nc Journal. 

Scott Burn's Introduction to Farming. 

THE LESSONS of MY FARM : a Book for Amateur Agricul- 
turists, being an Introduction to Farm Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
and Pigs, and in the Kee^Mng of Farm- work Records. By Robert 
Scott Burn. With numerous Illustrations. Fcp. 6j. doth. 
" A most complete introdaction to the whole round of farming piactioe.'*-*-^^^ 
BuU, 
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A Complete Mpitome of the Laws of t/ii 
" Country r 

EVERY MAN'S OWN LAWYER ; a Handy-Book of the Prir 
ciples of Law and Equity. By A Barrister. i3tli Edition 
Jlevised to the end of last Session. Including a Summarjr qf th 
Judicature Acts, 1873 and 1875, and the principal ActS~ of th* 
past Session, viz., — The Explosive Acts, The Sale of Food an( 
Dtugs Act, The Public Health Act, &c., &c. With Notes anc 
References to the Authorities. l2mo, price 6j. %d, (saved at ever] 
consultation), strongly bound. 

COMPRISING THE LAWS OF 
Bahkruptcy— Bills of Exchange — Contracts and Agrbbmbnts — Copyrighi 
— Dower and Divorce — Elections and Registration — Insurancb — Libel 
•AND Slander — Mortgages— Settlements— Stock Exchange Practice- 
Trad^ Marks and Patents — Trespass, Nuisances, etc — Transfer op 
Land, etc. — ^Warranty— Wills and Agreements, etc. Also Law for 
LandlWtT and Tenant — Master and S^ntant —.Workmen and Apprentices — Heiis, 
'* Devbees, and Legatees — Husbandand Wife— Executors and Titistees — Guardian 
and Ward — Married Women and Infants — Partners and Agents-^Lender and 
Borrower — Debtor and Creditor— Purchaser and Vendor — Companies and Asso- 
ciations — Friendly Societies — Qergymen, Churchwardens — Medical Practitioners, 
&c. — Bankers — Farmers^Contractors — Stock and Share Brokers — Sportsmen 
and Gamekeepers — Farriers and Horse-DeaIer&— Auctioneers, House-Agents— 
Innkeepers, &c. — Pawnbrokers — Surveyors — Railways and Carriers, &c. &c. 
" No Er^isktnctn ought to be without this book.^ — Engineer. 
"* A useful and concise epitome of the law." — Law Magazine. 
** What it professes to b«^— a complete epitome of the laws of this country, thoroughly 
intelligible to non-professional readers. "-^^^/Tj Life, 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, .pr Renewal of 
^Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c By John Wheeler, Valuer, &c. 
Third Edition, enlarged, by C. Norris. Royal 32mo, cloth, 5/. 

'•'* A neat and concise book of reference, contaming an admirable and clearly- 
arranged list of prices for inventories, and a very practical guide to determine the 
value of furniture, &c." — Standard. 

Pawnbroker's Legal Guide. 

THE PAWNBROKER'S, FACTOR'S, and MERCHANT'S 
GUIDE to the LAW of LOANS and PLEDGES. By H. C. 
FoLKARD, Esq., Barrister-at-Law, Author of the ** Law of Slander 
and Libel," &c. i2mo^ cloth boards, price 7j. 

The Laws of Mines and Mining Companies. 

A PRACTICAL TREATISE on the LAW RELATING to 
MINES and MINING COMPANIES. By Whitton Arun- , 
DELL, Attomey-at-Law. Crown 8vo, 41. cloth. 

County Court Statutes. ' 

THE COUNTY COURT STATUTES, from 1846 to 1875, 
with the new Consolidated Orders^ .Forms, Fees, and Costs, 
Practical Notes, and very full In^dexi By G. Manley Wether- j 
FIELD, Solicitor, Author of ** Mayor's Court Procedure," **Iiquida- 
tioa and Compositions," &c. i2mo, pp. 600, cloth XOj. M, 

^nilmry, Agnew, ft Co., Pffnters, Whltcfrian, Londoa. 
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E EMIGRANT'S GUIDE io Aasin^h,^^^ South, f^^^ S^-S 
'■las, WeBtem Auriralia, SouHi Aurtrslia, Tittotia, and 5i?^^/i?m£G'^^v^ 

B EMIGRANT'S GUIDE to Tasmama and New ^^^Sf^^^ 
•lM»d,l»yJ.BAiBi.,BJ„ 2fc Wi^^^^^'S 

>i«» twD wIuoMf , I2fiw, elelh toardt, priM St., itnder the genera! .-If^-. i('f^^y^^fic^3il 

tuu ef— So,'*' 3^3 -^if ^ 

E EMIGRANTS GUIDE TO AUSTRALASIA, j^^^M^^^i] 

mpnsmg Auistralia (Sew Sonlh Wals*, Wetteru Australia, i^^^ "^ 

nxitt Anatialia, Victoria, 1114 Queenilaad), Tasmania, and T^ij 

9W Zealand. By the BeT, J. Busn, BX '""" " ' f^--^ 

lAali* and New Zealand. 




LEGAL TREATISES. ^I'^iVl'^^^^ 

E LAW OF CONTRACTS FOR WORKS AND ^fr^J -^^1^ 
iSVICSa.hy D. GiBBOHS.* Third Edition, revised and con- iSidy^tHf^Si^ 
fliaWy enlfligai- 3b. [Ju>i pumked. ^iKtt^Z §VA 

7NTY COURT, PLAIN GUIDE for Saitora in tlie ; ^^ """ " ^" 

' a Bakkuteb. la. Gd. 

E METROPOLIS LOCAL MANAGEMENT ACT, -ty-yitip- Qfir^'^' 

thandlMhVio., 0. 120; 19thaod20tti Vio., 0. 112; 21at and S.l'^JiJ -Sji-v-sSi 

nd Vio., 0. 10*; 2*th and 36th Vio., 0. 61; aLto tho'laat ■=^S^< <*^V-^ 

mper Bemoral Act, and the Paiochial Asseeonent Act. Is. fid. j^i^^^S! ^^,^.S^ 

E METROPOLIS LOCAL MANAGEMENT ?^;^^^ "^ 

KSlfDMSST AOT,lS62,25tb. mi 2SQi.Y}a., 0. 120. Notes 3J^Jt'-[S; 

d an Index. It. '^-■~ a.j:*JM 

•,• With tht Loml Managtmtnt Act, in on* vol., ' 

CENT LEGISLATIVE ACTS applying to Con- J?'^J1 S§k% 

ictois, MerohanU, and Tradesman. Is. ^o^^v^ <^ '■^Si? 

^ANDY BOOK on the Law of Friendly, Indnatrial, iSiS^i* -^-"-^-t; 
id ProTidant Building and Loan Societies. Willi c * 



id ProTidflnt Boildine and Loan Societies. 'Wili copioua T^XRx^ 5k'^'*' 

ote.,byN.W=,T». Is. ^-^3^ ^^^'S 

E LAW OF PATENTS FOR INTENTIONS. ifC^^ f^^-C 

'Hh EiplanalOTyBotea on the Law as td th& Protwtionof '&^^'h "■>--^^^^ 

mgna and Trade Marka, by F. W. Outnn, Bair iflter. 2b. 5>'lf'^ 5*^ ■* 

SBT LOCEWOOD 4 CO.. T. BTATinmntRr vkTT .nnusT ^^ j"rttCJ j-^!^0 
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^^■*iS • ^ SELEtmOB FSOM ' WEAIE'S 8ERIEB. 

;^Sr2 — — -^^ — ■ — — 

iV^tS FINE ARTS. 

•^^M. FAINTING POPULARLY EXPLAINED, includi 

'K*^^*^ Freaqo, Oil, Mosaio, Wator Colour, Water-Glass, Tampera| 

rW^i^CjL Enoauatic, MiniaturOi Faiatiog on Ivory, Vellum, Pottery, 

" il, Glaas, &0. With HiBtorioal Sketches of tha Progress 

Art by Thomas John Ocllice, aasisted by Jons Tihbb, 
Third Edition, reviaed and enW^ed. 6b. 
FEBSPEOTIYE FOR BSaiNNEHS: adapted to y^- 
Toung Btudenta and Amateuia in Archltecturs, Paintijig, to., v^i 



§x^£^ iUncauati 




by Q. Pthi. Woodonts. 2b. 
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graniB and nnmOTOua Engravings on Wood. 2s. 6d. Soj: 

PAINTING -ON GLASS, or Glass Staining, the Art |^^ 

of. From the German of Dr. Gisssbt. To which ia added an vfi[;' 

Appendix on the Ast op Emaubi. Paintino, £c la. *^i 

PAINTING ON GLASS, the Art of. From the ^fj 
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^^it MUSIC, a. Rndimentary and Practical Treatiae on, hy ]fC.!= 
^~i?e C. C. Spbnceh. 2b, 6d. 7^2 

JV^^ PIANOFORTE, the Ait of Playing the ; with numerous 
'i^f^WLu! Eieiciaes and LeaeonB, written and BcQeclod &om the hest 
•."./;P!?r? MaBters, by 0. 0, Bpbkcbe. 1b. 6d. 

MISCELLANEOUS VOLUMES. % 

; MANUAL OF DOMESTIC MEDICINE. By R. m'i 

GoovlHo, B.A., M.B. 2b, !^^J 

a Maanal of Home ^^ 



^;^^ MANAGEMENT OF HEALTH: a Maana 
^xKeZ """^ Personal Hygiene, Sx., by J. Baibd, B.A. 1b. 



with eapecial reference to that of an Army C 
of all Arms, by Tadbbri, tranalated \- "" 

i Hamilton Maxwbu,, Bengal AiUUery. 

: PRACTICAL HINTS FOR INVESTING 1 







